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SUaiAHY 


The  note  gives  a survey  of  the  existing  information  on  frictional 
electricity  vdth  particular  reference  "Co  ivs  application  to  "sta-cic"  on 
aircraft  camera  film.  Suitable  equipment  for  the  measurement  of 
frictional  charges  is  described.  Seme  limited  erqperimenual  v/ork  on 
the  distribution  of  charge  vdiich  occurs  when  a dielectric  rubs  con- 
tinuously over  a fixed  surface  and  a method  of  assessing  films  for 
liability  to  static  discharge  are  described,  Reconaendations  are  made 
for  methods  of  reducing  the  occurrence  of  discharges. 
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1 Introduction 


The  problem  of  static  electricity  in  aircraft  cameras  Ins  been 
described  in  an  earlier  E.A.K.  Report"'.  To  illustrate  the  nature  of 
the  problem  some  examples  of  "Static."  on  aii-craft  camera  film  are  shown 
in  Eig.RCa),- (b) , (o)  and  (d). 

. Evirther  part-time  investigation  of  the  subject  has  been  iindertaken 
by  I.A.P.  and  Electrical  Engineering  Departments,  E.A.E.  and,  more  recently, 
at  the  University  of  Reading  imder  a Ministry  of  Supply  Research  Contract. 
In  addition  the  film  manufacturers,  Ilford  and  Kodak,  have  been  asked  to 
co-operate . 


The  v/ork  in  Electrical  Engineerjjig  Department  has  been  primarily  in 
measuring  the  surface  conductivity  of  various  samples  of  film  and  in 
investigating  the  possibility  of  increasing  the  surface  conductivity. 

The  results  of  their  investigation  vdll  be  reported  elsevdiere''^. 


At  Reading  some  preliminary  v/ork  has  been  done  in  attempting  to 
reduce  the  tendency  of  the  E.49  survey  camera  to  produce  "static". 


The  r/ork  described  in  this  note  is  largely  of  a general  nature 
intended  primarily  to  assess  -che  relative  advantages  to  be  gained  by 
increasing  the  film  conductivity  as  compared  vd.-ch  modification  to  camera 
design;  Some  detailed  v/ork  has  been  done  in  studying  the  distribution 
of  charge  on  film  vihich  rubs  over  a plate,  similar  to  the  camera  pressure 
plate,  and  also  in  deriving  a method  of  assessing  the  effectiveness  of 
"anti-static"  film  samples  supplied  by  the  manufacturers.  In  other 
respects  the  v/ork  has,  of  necessiis’’,  been  rather  lisiited  in  its  scope,- 
Wo  investigation  has  been  made  of  possible  electrostatic  induction  t 
effects  in  a camera  or  of  the  actua.l  conditions  lordor  v/hich  a spark 
discharge  occurs . 


A survey  of  existing  literature  on  frictional  electricity  is 
included  and  a rather  detailed  account  of  the  experimental  v/ork  is 
given  to  avoid  unnecessary  repetition  by  others  in  future  investigations. 

2 General  information  on  frictional  electricity 


The  fact  that  electric  surface  charges  are  produced  v/hen  solids 
slide  over  one  another,  or  v/hen  their  surfaces  are  separated,  is  cannon 
knoT/ledge  and  the  lar/s  relating  to  these  "static"  charges  are  given  in 
most  text-books  on  elementary  electricity.  If  the  area  of  the  rubbed 
surface  is  A , of  v/hich  only  a fraction  n has  molecules  actually  in 
contact,  (since  the  surface  is  rou{^  compared  v/ith  molecular  dimensions) 
the  true  contact  area  will  be  n.A  . The  charge  produced, 

Q = c.v  = (nA/47td)v  , vdiore  0 = capacitj’-  of  the  opposed  surfaces, 

V = the  electrical  potential  set  up  by  electron  exchange  due  to  contact 
and  rubbing  and  d = the  distanco  between  the  surfaces  (distance  between 
atans) . TVhen  the  surfaces  are  separated  tlie  capacity  falls  to  c and 
the  potential  difference  rises  to  V so  that  (rA/4-w.d)v  = cV. 

The  fraction  n is  indeterrainate,  but  would  depe  1 on  the  materials 
making  contact  and  their  surface  finish.  Tliere  is  no  lav/  by  v/hich  v can 
be  calculated,  neither  can  it  be  calculated  from  a knovm  value  of  V 
(measured  experimentally)  since  n is  untoiOT’/n.  Host  tex '-books  assign 
a polarity  to  the  cliarges  developed  by  friction  of  different  materials, 
but  WB  shall  shoT/  that  this  polari'cy  depends  largely  on  the  presence  of 
various  surface  films. 
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There  is  considerable  information  available  on  the  effect  of 
different  surface  conditions  on  the  magnitude  and  polarity  of  frictional 
charges.  The  follovdng  summaryj  together  v/ith  a brief  description  of 
some  minor  confirmatorjr  experiments,  provides  evidence  that,  the  film 
base  material  cannot  be  considered  as  a standard  ccmimodity  as  regards 
its  frictional  electricity  properties,  at- any  tame  during  its  life..  In 
the  experiments  described,  no  preparation  ^of  th^  film  surfaces - to  m^e 
them  "clean"  Yjas  attempted.  Sometimes  the  film  was  new  from  a sealed 
tin  and  in  others  it  was  not.  In  either  case  the  initial -surface  cohr  ' 
ditions  can  be  considered  unloioTm. 

2. 1 Area  of  contacting  surface 

Prom  the  foregoing  simple  ttoory  it  can  be  seen  that  the  charge 
produced  vriJ.1  increase  with  increased  contact  area;  this  has  been  con- 
firmed experimentally  by  Mchards^.  The  fact  is  indeed  fairly  ob-vious 
since  the  charge  produced  by  the  larger  area  is  simply  the  sum  of  the 
charges  produced  by  a number  of  smaller  areas.  In  experimenting  with 
camera  film,  however,  one  must  specify  that  the  film  is  very  dry  (a  good 
insulator)  and  tliat  the  surface  conditions  are  such  that  the  same  polarity 
of  charge  is  produced  over  the  whole  surface,  for  a gi-ven  sample  of  film 
may  produce  opposite  signs  of  chiarge,  side  by  side,  after  frietdon  T/ith 
the  same  rubbing  material. 

In  any  given  camera,  the  a->-ea  of  moleciAar  contact  at  the  various 
rubbing  points  will  depen-i  on  the  camera  design  and  materials,  particularlj 
the  material  used  for  the  pressure  plate.  There  is,  hoT/ever,  a further 
factor  T/hioh  is  likely  to  cause  additional  surface  rubbing  on  the  pressure 
plate.  The  film  alv/ay-s  curls,  along  its  length,  v/lth  the  emulsion  inside 
■the  curve  because  of  differential  expansion  of  the  emulsion  and  the  film 
base.  This  effect  varies  vdth  tempera-cure  and  liumidity.  The  tension  of 
the  film  bot-wec-ii  the  fcro  rollers  is  insufficient  to  pull  the  film  flat, 
and  consequently  the  film  v/ill  rub  on  the  pressure  plate  as  it  is  'Wound 
over  by  tlio  camera  motor  by  an  amount  depending  on  tlie  clearance  Yvhen 
the  press-arc  plate  is  lifted.  In  a i^ven  case,  humidity  and  temperature 
changes  vdll  v&ry  the  area  of  contact  and  thus  the  direct  effect  of 
tempera-ture  and  humidity  changes  on  thcj  charge  produced  vdll  be  modified. 
Pig.  1(b),  (c)  and  (d)  illustrates  tMs  point. 

The  majority  of  films  narked  by  "s-fcatic"  are  affected  in  the 
central  portion  only  (sec  Pig.2(a)),  the  edges  of  the  film  being  seldom 
marked;  fran  the  foregoing  considerations,  one  -would  suppose  that  this 
was  'che  result  of  the  curling  of  the  film  (see  also  Section  6). 

2.2  Materials  in  contact 


Different  macerials  in  rubbing  con-fcact  vdth  any  one  other  material 
produce  different  charges  for  the  saine  amount  of  rubbing.  ShaW^j’lOj'*’* 
has  attempted  to  arrange  the  elcmcn'Cs  in  a tribo-electric  se^-ies  according 
to  the  charges  they  develop  when  lubbed  by  silica.  He  does  not  claim 
that  tlie  differences  in  the  cliargos  measured  are  entirely  due  -to  the 
different  molecular  structure  of  the  materials  since  apart  from  other 
factors,  the  results  are  influenced  by  different  valucis  of  the  fraction 
of  molecular  contact  in  a given  area  of  mechanical  con-tact,  Tlie  effect 
of  different  materials  is  thus  associated  vdth  a difference  in  the  area 
of  molecular  contact  in  addition  -fco  the  difference  in  tlie  electron 
separa-tion  resulting  frcati  a clif ference  in  molecular  struo-bure. 

The  only  work  dealing  specifically  -with  the  static  charges  produced 
by  camera  film  is  that  of  Rosc^.  He  found  that  a brass  rubber  produced 
more  charge  on  the  film  th£-.n  a felt  rubber.  Herwever,  it  vdll  be  shovwi 
later  that  the  charge  produced  on  the  insulated  surface  from  V/-liich  tl 
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measurement^ is  made,  is  influenced  'qy  -crie  degree  of  insulation  of  the 
njibber  to  earth,  i.e.  diffei'ent  charges  on  the  film  ’.Till  be  obtained 
vd.th  earthed  and  insulated  rubbers.  In  the  case  of  the  apparatus  used 
by  Bose  the  brass  rubber  ms  definitely  earthed  vrtxLle  the  insulation  to 
earth  of  the  felt  pad  vrould  have  varied  ulth  the  environmental  conditions 
and  v/ould  not  under  any  conditions  have  been  earthed  in  the  same  sense 
as  the  brass  rubber. 

The  present  author  has  not  attempted  to  detemnine  the  difference 
in  charge  obtained  from  different  materials  but  has  found  that  cork 
appeared  to  generate  charge  more  readily  tlian  the  other  non-metals  used 
vdth  a film  testing  device  described  later.  In  confirmation  of  Rose's 
experiments,  metals  Yihen  insulated  and  rubbed  by  movin.g  filjn,  v/ere  also 
found  to  collect  large  cloarges. 

The  pressure  plane  of  the  S’. 49  survey  camera  is  faced  v/ith  cork 
(see  Pig. this  Woi.ild  not  appear  to  be  a very  happy  choice  of  material 
insofar  as  static  cljarges  are  concerned  althougli  no  doubt  it  is  satis- 
factory for  getting  good  surface  connact  bet’.veen  film  and  register  glass. 

2.  Ji  Surface  films 


One  of  tlie  major  facnors  influencing  the  magnitude  and  sign  of  the 
charges  produced  by  friction  is  the  presence  or  onhen’dse  of  surface 
films,  such  as:- 


(i)  adsorbed-gas  and  moistiure  fnlhas 

(ii)  acid  and  allaline  chemical  films 

(iii)  metallic  filas  and  strealrs 

The  effects  of  any  one,  or  anj'  combination,  of  these  may  be  influenced 
in  a complex  manner  by  changes  in  the  ambient  temperature  and  pressure, 

Adsorbed-gas  and  inoisturo  files 
12 

Debeau  las  invosT;igated  the  variation  of  the  frictional  clarge 
Tdth  pressure  (Pig. 3(a)).  Ho  shows  that  the  curve  can  be  matched  with 
the  adsorption  isotherm  and  la  deduces  that  the  clange  of  potential  is 
due  to  the  gradual  removal  of  adsorbed  layers  of  gas.  Some  data  obtained 
by  Rose®  for  the  back  of  Kodak  air  camera  filn  rubbed  by  felt  is  shovm 
in  Pig.  3(b).  Over  the  pressure  range  80  cm  to  20  cm  the  variation  of 
charge  vdth  pressure  in  general  agrees  with  Debeau' s results;  the  ao’aial 
potentials  sham,  thou^i  similar,  cannot  be  compared  since  they  depend 
on  the  capacity''  of  the  test  apparatus  and  the  materials  used.  It  will 
be  shavn  later  thaw  the  surface  potential  of  free  film  after  friction 
T/ith  other  materials  under  similar  conditions  is  more  than  50  times  the 
values  sham,  i.e,  it  is  6 ro  7 Kv. 

In  the  experiments  by  Rose  (Pig. 3(b) ), the  pressure  after  being 
reduced  vo  20  cm  ’.ras  increased  again.  The  effect;  of  this  was  that  the 
charge  instead  of  folla’d.ng  the  reduction  curve  increased  to  a much 
hij^er  value.  If  the  pressure  vms  again  reduced  the  charge  fell  off  in 
a similar  vay  to  that  obtained  in  vhe  initial  run  but  for  a further 
increase  in  pressure  increased  more  rapidly.  Pig. 3(b)  shaTs  the  results 
obtained  at  two  different;  temperatures.  When  the  pressure  vra.s  finally 
Increased  to  J 6 an  the  charge  obtained  was  considerably  higher  than  at 
the  start  of  the  test.  At;  the  lower  temperature  the  diarge  tms  almost 
u.uuble  the  original  value,  when  the  pressure  tYas  about  60  cm. 
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In  scsne  further  experiraents  however  in  rdfLch  the  felt  vra.s  replaced 
by  a polished  brass  rubber  'che  charge  fell  as  the  pressure  was  reduced, , 
as  it  did  vath  felt,  but  vAien'  t;he  pressure  was  restored  the  charge  , 
declined  sliai:ply,,  i.e.  the  effect  obtained  vd.th  the  felt  was  reversed.  ■ 

These  res-ults  are  probably  related  to  the  removal  of  adsorbed  gas 
layers  'When  the  pressure  is  reduced.  The  original  .charges  are  not 
obtained  vdien  the  pressure  is  restored  because  the  original  gas  layers  . 
are  not  restored  immediately,  the  material  taking  some  time  to  regain 
its  original  condition.  Alternatively,  the  resiilts  may  have  been 
influenced  by  the  removal  of  moisture  frorn  the  filin  at  the  lOT/er 
pressures. 

Eran  the  pracxical  aspect  of  the  effect  on  aircraft  camera  film, 
the  exact  mechanism  is  not  Important,  the  point  of  interest  being  that 
vdth  dry  film  the  charge  changes  rdth  air  pressure.  Tvro  deductions  may 


The  fall  of  potential  v/i'ch  pressure  may  semetimes  have  the  . 
effect  of  restricting  spark  discharges  to  a definite  altitude 
layer.  In  the  pressure  range  shovm,  760  mm  to  100  mm, 

(roughly  ground  level  to  50,000  ft)  the  relationship  betvreen 
potential  difference  required  to  produce  a sxsark  in  air  and 
air  pressure  is  linear.  The  actual  voltage  required  to  spark 
is  largely  influenced  hy  the  shape,  relative  sizes  and 
polarities  of  the  too  cliargcd  surfaces.  In  the  case  of  two 
parallel  plates  5 apart,  23,000  volts  is  required  to  start 
a spark  at  760  mm  pressure  and  750  volts  at  100  mm  pressure. 

At  lov/er  pressures  the  relationship  is  non-linear  and  tlie 
minimum  sparking  volta.ge  under  any  condition  is  about  300 
volts.  If  we  disregard  the  scale  of  volts  in  Ei,g.3(a)  and 
assume  that  the  cura'-e  is  characteristic  of  pressure  frictional- 
potential  relationslrips  and  tirat  the  dotted  curve  A B shows 
the  sparking  voltage  relationship  with  pressure,  then  spark 
discharges  fran  the  film  -.vould  be  more  frequent  in  the 
alti'Tude  layer  36,000  to  55>000  ft. 

Prom  the  results  of  Rose  (Pig.  3(b))  it  "Would  appear  that 
increased  production  of  static  charge  can  take  place  if  a 
fall  of  pressure  is  follo'.'cd  by  a r-ise  in  pressure.  In  its 
application  to  air  photography  tills  means  tliat  "static"  is 
likely  to  occur  when  a photograpliic  run  is  made  iiEuedlately 
after  tlie  aircraft  has  reduced  lieight  for  some  reason,  such 
as  after  climbing  over  moun'cainous  regions  on  the  outward, 
flight. 

Sha'.r^  found  that  layers  of  moisture  could  affect  the  cliarges 
produced  in  a -way  wHich  varied  -.Tith  the  amount  the  surface  -.-as  rubbed. 

Per  excsuple,  he  found  that  if  zinc  is  rubbed  on  clean  diy  glass  the  zinc 
at  first  takes  up  a positive  potential,  wliidli  with  continued  rubbing 
falls  to  zero  and  finally  becomes  ncga'cive.  If,  ho-wevor,  the  glass  is 
bloYtti  '.'ith  water-saturated  air  the  charge  on  the  zinc  is  negative  at  the 
start  and  with  continued  rubbing  tills  negative  diarge  is  increased  and 
reaches  a liiglier  value  than  either  the  positive  or  negative  pealcs  obtained 
vith  the  clean  dry  glass.  In  his  experinents  with  aircraft  camera  film 
Rose^  found  that  in  a humid  a-aaosphere  the  cliarges  on  the  film  were 
greater  tlian  in  a dry  a-anosphere,  wiien  rubbed  either  -.vith  felt  or  brass. 

It  T/ould  appear  that  moisture  films  -will  affect  the  charges  produced 
appreciabl3r  vd.th  a tendency  to  increase  them.  In  aircraft  the  normal 
tendency  of  the'  reduced  pressure  at  high  alti’cudo  vaiuld  be  to  rei'aovo 
moisture  films  and  therefore  reduce  char.ging.  liawever  it  may  have  quite 


be  made:- 

(i) 
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the  reverse  effect  if  the  surface  exposed  by  removal  of  the  moisture 
film  is  capable  of  producing  more  charge  than  the  moisture  film.  Another 
factor  to  be  considered  in  removing  moisture  films  is  that  the  insulation 
of  the  material  v/ill  be  increased  and  consequently  charges  vd.ll  not  leak 
av/ay.  The  film  Used  by  Rose  in  Ms  experiments  vvas  mounted  on  an 
insulating  stand  so  that  there  vas  no  leakage  of  charge. 

In  practice  there  vd.ll  probably  be  an  optimum  value  of  humidity 
for  any  particular  roll  of  film  at  nhich  most  charge  vd.ll  be  produced 
by  a given  type  of  friction.  It  is  probable  also  that  the  intensity 
of  any  discharges  vdiich  do  take  place  vd.ll  be  influenced  by  non-inaiformity 
in  the  moisture  content  of  the  surface.  Patches  of  film  vd.th  a relatively 
M^  moisture  coivtent  may  be  insulated  by  the  surrounding  film  vdeich  is 
relatively  dry.  Again,  the  edges  and  the  outside  layers  of  a roll  vd.ll 
lose  moisture  more  quiclcLy  than  the  inner  portion  of  the  roll  so  that  in 
some  cases  film  With  a high  capacity  for  generating  charge,  but  having 
poor  insulating  properties  may  be  effectively  insulated  from  earth  by 
the  dry  film  surrounding  it. 

Acid  and  allcaline  chemical  films 

9 

Shaw  has  shoivn  that  the  value  of  the  charge  and  its  polarity  can 
be  affected  by  the  presence  of  chemical  films.  TMs  Ms  been  oonfimed 
by  experiments  vdth  the  film-testing  rig  shov/n  in  Pig.  4 and  by  experi- 
ments on  a camera  register  glass.  According  to  Shaw  the  acid  effect  is 
positive  and  the  alkaline  effect  negative;  tMs  assumes  however  that  the 
surface  is  thoroughly  clean  before  treatanent.  In  the  present  experiments 
no  attempt  vms  made  to  clean  tho  surface  since  the  object  vra.s  merely  to 
see  vdiether  the  addition  of  an  acid  or  an  alMli  wo'.ild  have  any  marked 
effect  on  the  existing  pjroduotion  of  charge. 

The  cork  rubbing  pad  of  the  apparatus  in  Pig. 5 vra.s  treated  with 
solutions  of  citric  acid  and  sodium  phospMte,  alternately,  to  give  it 
ei'cher  an  acid  or  an  alkaline  reaction.  The  effect  of  the  alkaline  wash 
was  to  raise  slightly  tho  negative  potential  to  vMch  the  rubber  became 
charged  as  tM  film  ^7s.s  wound  over  from  the  spool.  The  effect  of  the 
acid  v<ash  vra.s  to  main  the  sign  of  the  charge  completely  randan;  the 
potential  measured  at  the  friction  plate  being  very  similar  to  tMt 
produced  by  the  semple  of  developed  film  shcrm  in  Pig.  6(j).  These 
results  could  be  repeated  by  using  alternate  acid  and  allcaline  imshes. 

The  cork  v<as  thoroughly  dried  after  each  application. 

Some  further  experiments  v/ere  made  rubbing  a piece  of  ^ass  vdth 
cork,  perspex  and  pieces  of  camera  film.  The  glass  v/as  v/ashed  in  hot 
vater  and  tested  clean,  vdth  an  acid  wash  and  with  an  allcaline  wash. 

In  some  cases  the  different  treatments  failed  to  produce  any  change  in 
the  polarity  of  the  charge.  T/hen  using  cork  and  film  emulsion  as  rubbers 
both  alkaline  and  acid  washes  changed  the  normal  negative  polarity  of  the 
charge  to  positive.  The  production  of  negative  charge  on  the  "clean" 

^ass  surface  v/as  consistent  and  tho  results  confirm  that  the  polarity 
of  charges  produced  is  affected  by  the  presence  of  chemical  films. 

Organic  films 


Shaw  has  reported  that  organic  films  can  affect  the  charges 
produced'^ 0.  These  films  or  streaks  are  left  on  the  surface  of  the 
materials  concerned  after  they  have  rubbed  organic  materials. 


\ 
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Metallic  fjLlins 


If  the  camera  film  mbs  over  metal,  a metallic  streak  -will  be 
deposited  as  reported  by  SlTav/^”''  in  experiments  r/lth  silica.  Shaw  nores 
that  the  contact  potentials  formed  on  a material  by  mbbing  or  surface 
sex^aration  -Titli  a metal  are  higher  than  r/ith  non-metals.  This  is  confirmed 
by  Rose^  who  found  that  the  charges  r/ero  much  higher  vrith  a brass  rubber 
than  with  a felt  mbber. 


Camera  fiLm,  therefore,  T/hldi  carries  molecular  metallic  streaks 
•Would  be  more  likely  to  xoroduce  discliarges  than  clean  film.  The  effective 
capacity  a'vailable  for  the  discharge  would  also  be  increa.sed  since  the 
metallic  streaks  v/ill,  if  sparldng  potential  has  been  reached,  discharge 
completely  when  brought  near  an  ea-rthed  conductor  (large  mass  at  lov/er 
potential; . 

Sirrface  strains 


At  an  earl5'-  stage  it  vras  noted  that  if  the  film  back  ■were  rubbed 
vd-ch  -che  back  of  another  piece  of  the  same  sample  cf  film  the  -two  pieces 
of  film  became  oppositely  charged.  T/hich  became  positive  and  which 

negative  ap>jpearcd  'co  bo  quite  fortuitous.  Shaw”^0  gives  experimental 
e-vidence  "co  shov/’  tha-c  the  friccional  electrical  properties  of  a body  are 
changed  by  surface  sTirain  and  that  the  production  of  charges  after  friction 
bet7,ieen  lilce  solids  is  most  likely  caused  by  differential  strain  of  the  -into 
surfaces. 

Rhen  ■kTO  solid  bodies  are  rubbed  TOge-ther  their  surface  become 
progressively  strained  to  a limiting  •value.  The  surface  tempera^fcures 
rise  -idih  friction  and  surface  s'brain  is  lii.-iited  vdien  the  rolae:ation 
tempera-cure  of  the  solid  is  reached,  the  original  surface  electrical 
characteristics  of  the  bodies  •then  being  restored.  If  the  surfaces  are 
in  a state  of  strain  after  rubbing,  the  strain  can  be  removed,  and  the 
original  olootrical  xaroperties  rcs-borod,  by  dclibcratolj’-  heating  the 
bodies  to  the  relaxation  temperature. 

In  rubbing  -m-ro  surfaces  together  '.t  is  seldom  tha-b  the  friction 
areas  on  the  -bro  are  shnilar,  consequen-blj’-,  unless  -chic  relaccation 
temperature  has  been  reached  on  bo'bh  surfaces,  they  will  be  in  different 
s-tates  of  strain.  If  the  material  of  the  two  surfaces  is  the  same,  say 
cellulose  ace'cate,  then  one  surface  v/ill  produce  a posiui-ve  charge  and 
the  o-cher  a negative  charge.  It  can  be  (femonstrated  that  if  the  method 
of  rubbing  is  reversed,  i.e.  if  the  surface  v/hidli  liad  the  larger  rubbed 
area  is  arranged  to  ha-ve  the  lesser  rubbed  area,  then  the  x^olarity  is 
reversed.  The  vjicce  of  acctacc  v/hicla  fonnerl5’'  produced  a negati-vc  oliarge 
naw  produces  a ^positive  charge,  and  -vice  versa. 

The  nature  of  the  charges  produced  by  rubbing  be-k.reen  dissunilaLr 
materials  may  also  be  cl-iangcd  because  of  differential  surface  strain. 

In  talcing  seme  records  of  the  surface  potcireial  of  ocmiera  film 
(see  Pig.  6(a)  and  (b))  it  -was  found  that,  v/i-ch  the  particular  roll  of 
film  being  used  in  the  test,  there  v/as  a defini-be  positive  charing  of 
the  film  siurfacc  which  could  be  repeated  fairljr  closely  for  consecu-ci-ve 
runs  over  an  earthed  fric-cion  pla-be.  If  tlio  friction  plate  were  insulated 
the  pla-ce  uook  up  a correspondingly  steady  negative  ohargo  (Pig. 6(f)). 

Wlien  rubbing  vdth  a piece  of  the  same  filii  by  hand  hmover  the  plate 
took  up  a pDositive  charge.  It  was  determined  that  tte  sign  of  the  charge 
produced  was  determined  solely  by  tte  rubbing  pressure.  If  the  pressure 
was  light  the  friction  plate  beoaaao  nof^-bi-vcly  charged  bat  r/ith  a slightly 
tea-vior  pressure  it  become  poGiti-vol5>-  dmrged.  This  effect  may  be  the 
result  of  surface  strains  or  p/ossibly  it  -may  be  duo  to  an  organic  fite 
from  the  cork  rubber. 


\ 


• -Shg 


-8- 


Teclmical  Note  Wo.  EH. 475 


O 


Electret  effect 


Charges  introduced  by  friction  on  some  pieces  of  film  are  extremely 
persistent  and  difficult  to  remove.  If  a piece  of  dry  glass  is  held  by 
an  insulated  holder  and  then  charged  bj>-  friction  vri.th  sane  other  material 
the  charge  may  persist  for  seme  time,  but  a single  slow  ^Tipe  r/ith  the 
moist  palm  of  the  hand  T/111  remove  it  completely.  If  some  pieces  of  film, 
ho’.revcr,  are  charged  in  a similar  manner,  no  amount  of  v/iping  or  flat 
contact  irlth  the  hand  vd.ll  remove  the  charge  althou^  in  most  cases  it 
is  reduced  in  varying  degrees,  and  '.vill  disappear  v*ith  time. 

It  is  possible  tliat  there  is  an  "electret"  effect  in  the  case  of 
these  film  samples.  The  electret  is  described  as  a frozen  charge  ’^ihich 
occurs  vd.thin  a dielectric  vihen  it  is  heated  in  a strong  electric  field. 

If  the  dielectric  is  then  maintained  at  a low  temperature  the'  charge  may 
persist  for  weeks.  A description  of  the  electret  effect  is  given  by 
Adams’*  5 and  others. 

SiavV  has  stated  that  'the  surface  temperatures  due  to  friction  may 
exceed  the  relaxation  temperature  of  the  particular  solid.  It  is  possible, 
therefore  that  in  some  cases  friction  esvn  produce  both  the  electric  field 
and  the  hi^  temperature  necessary  to  leave  the  film  '.Tith  a charge  just 
below  the  surface,  where  it  Will  be  more  persistent  than  the  normal  surface 
charge.  The  possibili'iy  of  such  an  effect  could  be  confinned  only  by 
careful  experiment  using  methods  of  discharging  the  film,  such  as  ionisa- 
tion or  radioactive  substances,  'which  Would  not  introduce  a new  charge  to 
the  film  and  v/ould  be  effective  against  surface  eharges  only. 

In  an  experiment  vdth  the  E.45  survej'  camera,  an  electroneter  probe 
(see  Section  3}  inserted  throuj^  a hole  drilled  in  the  magazine 
casting  adjacent  to  the  take-up  spool  so  that  it  v/ould  gi-ve  a reading 
if  there  v/as  an5>-  char.ge  on  film  passing  from  the  measuring  roller  to  the 
take-up  spool.  A 20  ft  length  of  exposed  film  was  operated  throu^  the 
camera  in  six  separate  tests.  On  eadi  occasion  the  indications  cf  the 
elcotrcmetcr  "iTCrc  almost  the  same.  Sometimes  a positive  indication  and 
sonctimes  a negative  indication  was  given  during  each  run.  There  vas  no 
significant  accumulation  of  clargc  on  the  film  on  the  spool  at  the  end 
of  the  runs. 


The  film  vas  removed  from  the  camera  and  rolled  out  flat  on  the 
bench  and  examined  for  evidence  of  residual  charge.  Appreciable  charges 
were  found  to  exist  on  tlie  filit  'back.  The  position  and  sequence  of  the 
charged  areas  of  film  vrere  found  to  correspond  '.'d-th  the  record  taken,  Viihen 
the  film  \!8.a  passed  through  the  camera.  The  experiment  demonstrates  that 
with  this  particular  sanplo  of  film  the  charges  v/ere  persistent.  No  diarge 
coiild  be  detected  on  the  emulsion,  'Which  was  also  sufficiently  conductive 
to  shield  tlie  charges  on  the  hacic  fran  the  electrometer  probe. 


3 Deteycion  of  static  charges 

I'n  the  first  place  a search  was  made  for  a convenient  merhod  of 
detecting  the  piesenco  of  darges  of  static  electricity,  on  film  or  on 
parts  of  the  corfiera,  and  of  measuring  'chG  relative  electrical  potentials. 
The  methods  availo.blc  at  the  time  v/erw  not  adaptable  for  measurements 
inside  the  camera  mgazine. 


Of  the  methods  considered,  the  use  of  an  electrometer  valve  appeared 
to  be  the  most  suitable.  An  instrument  7jas  constructed  '.'rtiioh  was  similar 
in  saiie  respects  to  that  described  by  Bulgin^  for  detecting  static  charges 
on  rubber-tyred  vehicles  at  the  Dunlop  Itibber  Co.  . 
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A diagrajn  of  -che  circuit  for  the  electrometer  valve  as  used,  in  the 
present  investigation  is  shovto  in  Pig. 4*  This  vas 'designed  for  measure- 
ment. of  potential  and  current  in  conjunction  trith.a  D,  G.  amplifier.  The 
output  from  the  amplifier  can  be  used  for  operating  a recorder  for  . 
potential  measurements,  or  aai  integrator  motor  for  measurement  of  leak 
of  charge  to  earth,  .v/hon  tlTC  input  circuit  is  connected  for  'ctirrent 
nBasurement. 

Referring  to  Pig.  4,  the  grid  of  the  Osram  ET5  electrometer  valve 
is  connected  to  a small  circular  plate  carried  in  a polythene  bush  in  a 
metal  screening  tube.  In  this  particular  design  the  screening  tube  also 
carries' the  electranotcf  valve.  When  the  contact  0 is  xnade  v/ith  the 
grid  vd.fe  the  electrometer  valve  has  a.  standing  bias  of  -4  volts,  "/hen 
C is  broken,  the  grid  retains  this  potential  and  static  charges  may  be 
detected  by  induction  on  the  mall  metal  "grid  plate".  The  end  of  the 
screening  tube  is  closed  except  for  a snail  central  hole,  of  lesser 
diameter  than  the  plate  and  chosen  to  suit  the  charges  being  measured 
and  the  distance  d from  the  charged  surface.  The  vhole  of  the  grid 
circuit  is  fully  screened,  the  components  in  the  hand-held  detector  tube 
being  connected  to  the  te.tteri.es  and  to  the  anode  milliammcter  by  screened 
cable.  To  detect  a charge  or  to  measure  a surface  potential  the  aperture 
in  the  screen  is  covered  ';a.th  a conducting  plate,  to  .give  sero-field 
conditions,  and  the  contact  C is  made  and  then  broken.  On  uncovering 
the  aperttire  and  bringing  Vs  deirice  near  a charged  body,  the  potential 
of  the  grid  v/ill  be  cnanged  by  induction  and  for  a given  distance  av/ay 
the  change  in  anode  current  is  a measure  of  the  potential  to  earth  of 
the  charged  surface  being  examined.  The  instrui.'aent  rra.s  calibrated  in 
conjunction  with  an  EHT  unit  and  an  electrostatic  voltmeter. 

It  should  be  noted  that  the  instrument  doer  not  measure  true 
surface  potentials  since  the  presence  cf  the  detector  tube  Td.ll  distort 
the  field.  Por  -the  present  inve.stigation  h.cuTover  only  relative  values 
T/ere  required. 

11  15 

The  grid  resistance  of  the  valvo  is  of  the  order  of  10  to  10  ohm 
and  there  is.no  appreciable  leak  fer  f.To  cr  throe  mJnutes,  which  gives 
adequate  time  for  making  measurei.'ie-nts.  Per  measuring  lealsxge  of  charge 
the  grid  is  connected  to  the  chjarged  body  throu.^i  a resistance  (about 

50  Jin)  and  the  contact  C is  xTermanently  made.  Under  these  conditions, 
the  quantity  of  charge  leaking  to  earth  cJ-.n  he  measured  by  connecting  a 
STiiall  integrating  meter  to  the  output  from  the  D.C.  amplifier  (see  Pig. 4). 
With  ths  contact  C made  and  then  brolcen  a record  of  the  potential  changes 
is  obtained  by  connecting  a recording  meter  to  the  D.C.  amplifier.  The 
permissible  diange  in  the  grid  bias  of  the  electrometer  valve  is  from  -2 
to  -6  volts,  the  output  of  valve  and  D.C.  amplifier  being  linear  over 
this  rotigo.  A narrow  insulated  probe  was  constructed  for  detecting  charges 
in  more  inaccessible  parts  of  tlio  caj'.icra,  but  to  keep  grid  leakage  to  an 
absolute  rainimunr  most  of  the  measurer.ients  were  made  v/ith  the  design 
described  here. 

In  constructing  this  appara-tus  it  is  important  not  to  handle  the 
glass  envelope  of  the  valvo  and  to  mask  the  valve  frai  light  to  avoid 
photoelectric  effects.  This  latter  condition  was  satisfied  in  the  design 
of  the  screening  tube  Iry  an  "overlaj?"  construction  as  indicated  in  Pig. 4 
and  by  finishin.g  the  surfaces  near  the  "exposure"  end  of  th.e  tube  r/ith  a 
matt  'black  paint.  The  polythene  bush,  of  course,  was  not  aii  effective 
lif^t  mask. 


This  instrument  was  used  in  conjunction  rdth  i:he  film-testing  rig 
shovvn  in  Pig. 5 to  .measure  potential  changes  and  Icalage  charges.  As  a 
simple  electraaeter,  i.e.  with  anode  current  indica-ccr,  it  vas  also  used 
in  the  general  examination  of  films  for  their  electrostatic  properties. 
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4 Simulation  in  the  labora-coiy  of  the  conditions  for  static 

discharges  in  a camera  , o 

With  the  object  of  providing  a method  of  testing  'whether  static 
discharges  in  the  camera  ■were  affecced  by  changes  in  camera  construction 
or  film  'base  material,  some  attempts  were  made  to  sim'alate  th^  conditions 
under  which  the  film  was  marked  by  disoliarges.  It  vas  Icnovm’*  that,  if 
film  vkirc.  thoroughly  dried  in  hi^  •vacu'um  and  then  rougl'd.y  handled, 
discharges  vrould  occur  and  after  .development  the  negatives  of  some  of 
the  samples  t/ould  be  marked.  This  trea-onent  seemed  too  drastic  as  a 
test  practice  for  films  since  improvements  in  film  material,  -vdiile  they 
might  prevent  static  under  the  worst  treatment  experienced  in  a camera, 
might  fail  under  such  severe  conditions.  It  vas  d.ecided  to  limit  the 
conditions  to  what  vas  judged  to  be  the  worst  aircraft  conditions  for 
static.  A brief  description  of  the  test  follov/s  althou^  it  vas 
unsuccessful.  Prom  the  four  attempts  made,  tv;o  with  an  P.''45  survey 
camera  which  ted  produced  bad  "static"  in  the  air,  and  'two  vjith  the 
P.24  camera,  only  too  or  three  faint  marks  were  obtained  vdth  the  P.49 
and  none  at  all  -.Tith  the  P.24.  Details  are  given  in  the  -Table  on  Page  12. 

In  the  tests  on  the  P.24  camera  the  humidity  -;as  raised  during  the 
run  to  test  Tiiethsr  dry  film  on  the  roll  operating  into  a more  humid 
atmosphere  v/ould  produce  static  marks  more  easily.  The  drying  to  ■which 
tte  filra  was  subjected  vas  certainly  equal  to  the  worst  conditions  litely 
to  obtain  in  ser-vloe  and  the  conditions  must  ha-ve  been  similar,  at  one 
stage  during  the  run,  to  those  prc-vailing  in  an  aircrai’t.  , 

At  a later  stage  in  the  investi^tion  it  v®.s  found  that  .samples  of 
"standard"  film  varied  considerably  in  -tiieir  electrostatic  properties  and 
the  particular  roll  of  filit  used  in  any  gi-ven  conditions  must  have  a 
large  influence  on  the  static  charges  produced.  In  re'vie'wing  the  ■various 
surface  conditions  affecting  -ciie  charge  produced  (Section  2)  it  is  e-vident 
that  they  could  not  bo  controlled  during  manufacture.  Failure  to  produce 
marks  on  the  film  under  a simulation  of  aircraft  conditions  is  attributed 
largely  to  the  fact  thjit  the  rolls  of  fili'a  used  for  the  tests  could  not 
be  preselected  for  their  electro- static  properties. 

5 Static- inhibiting  agents  and  increased  Gonducti'vity  of 

tlie  film  base 


It  is  e-vident  that  were  the  fili'n  conducting  on  both  sides  little 
trouble  would  be  experienced  frem  s-fcatic  discharges.  Conducting  is  used 
in  a rela-ci-ve  sense  and  re  is  considered  -that  at  humidities  dovai  to  4C^ 
the  emulsion  side  of  standard  film  is  sufficiently  conducting.  The  rate 
of  leakage  of  charge  must  be  sufficient  rn  relation  to  -dhe  surface  capacity 
to  prevent  the  potential  reacliing  a sparking  -value.  The  back  of  the  film 

is  the  surface  most  lilsnly  to  give  trouble  and  for-tunateli’-  this  surface 
should  bo  sit^le  to  troa-c  in  seme  manner.  Treating  of  the  canulsion  side 
of  the  film  might  possibly  prove  a more  difficult  problem.  The  inclusion 
of  salts  in  a golattoc  sub-layer  had  been  moiitionod  to  -fchc  filia  .manu- 
facturers during  discussions  at  R.A.E.  but  such  a process  yrs.s'  not  appro-ved 
because  of  the  .possibility  of  the  gelatine  beconing  s-cicljy  from  moisture 
excess.  It  appears  -that  'cbs  difficulties  in  using  a salt  may  be  overocme 
since  Britisli  Patent  Spe cif ica-cion  No.  63632?^j  describes  a method  of 
applyi-ng  -fcho  salt  of  a bi-guanide  compound  in  various  arrangements,  either 
on  the  emulsion  side  or  the  back  of  the  film.  The  v/ay  in  vAiidi  this  salt 
reduces  static  electricity  is  not  disclosed,  i.e.  vrtiether  the  effect  is 
purely  to  increase  the  conducti-viTy  of  the  film  or  to  reduce  the  contac-c 
potentials^?  “ when  -the  filrii  is  rolled  or  is  pressed  into  contact  vbLth 
various  parts  of  a camera,  v/ith  or  without  mechanical  sliding  between  the 
surfaces. 
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Technical  Note  IIo.  EH.Zi.75' 


British  Patent  No.  6783^5  describes  hov;  an  alkali  metal  or  ajiimonium 
salt  of  1 condensation  product  of  formaldehyde .and  napthalene  sulphonic  . 
acid  is  included. in  tl^  silver  salt  emulsion  layer  -co  make  it  anti- static  . 
Since  this  process  seems  'co  leave  T:he  back  untreated  it  is  difficult  to 
see  ho\T  real  improvement  can  bo  expected. 


The  static  electricrcy  nuisance  is  -"eneral  in  industries  such  as 
paper  mills,  rubber,  nylon  £uid  plastic  manufacture  and  there  are  many 
anti-static  agents  on  the  market  and  under  development^) it  is 
evident  frgm  the  literature  available  that  the  problem,  is  difficult  to 
solve  purely  by  modif^ring  the  design  of  machinery  v/hich  handles  the 
dielectrics  concerned. 


The  Air  Survey  Go.  Ltd.,  state  that  they  have  derived  some  benefit 
in  reducing  static  by  treating  the  register  glass  and  other  parts  of  their 
survey  cameras  with  a perspex  polish  marketed  by  I.C.I,  and  0 ’Cedar. 

Messrs  0 'Cedar  have  stated  that  the  polish  comprises  an  emulsion  of  fats 
and  veaxes  with  the  addition  of  an  allsilino  wotting  agent;  they  also  supply 
an  "Anti-Static  Polish  No.  32"  ■\Thich  contains  a Ic/ver  proportion  of  wax 
and  is  easier  to  apply  than  the  perspex  polish. 

In  tests  at  E.A.E.  the  perspex  polish  reduced  static  charges  in 
some  cases  but  not  in  others,  althou^i  conditions  as  regards  temperature 
and  relative  humidity  were  the  same.  Polish  No. 32,  however,  has  been 
foimd  to  eliminate  all  appreciable  charge  at  R.H.  values  above  hOfo  and  to 
have  some  effect  at  values  as  low  as  IC^o.  Tho  action  of  these  polishes 
in  reducing  cliarges  is  tivofold.  In  the  presence  of  moisture  in  the  air 
an  electrolytic  film  is  formed  evenly’"  over  the  surfaces  by  the  action  of 
the  wetting  agent.  Nith  such  a continuous  conducting  film  any  charges 
formed  ’Touid  leak  to  earth.  Additionally,  depending  on  the  nature  of 
the  wetting  a.gent,  the  film  may  be  static  inhibiting  by  reducing  the 
contact  potentials  in  relation  to  other  materials.  The  effectiveness 
of  static  inhibitors  is  dotom-iined  by  the  quantity  of  the  inliibitor 
added  to  the  surface  up  to  an  amount  wiiere  the  formation  of  charge  is 
negligiblo.  Nith  some  inhibitors  the  clxirge  developed  is  cyclical  and 
seems  to  depend  on  the  provision  of  successive  molecular  layers  on  the 
surface  of  the  dielectric  so  tliat  increasing  layers  may  result  in  a 
chairge  of  the  sign  of  tho  charges  developed  (see  Section  2) . Inhibitors 
vn.th  a high  dielectric  constant  are  the  most  effective  when  only  thin 
layers  are  attainable.  Distilled  water  is  good  in  this  respect®. 


Sandon  results  given  by  the  perspex  polish  can  possibly  be  explained 
from  the  foregoing  data,  i.e..  the  difficulty  in  retaining  the  correct 
amount  of  inlribitor  in  the  final  polished  layer  of  the  film  surface  and 
the  possibility  that  the  inhibiting  action  of  the  aqueous  solution  formed 
on  the  fiha  is  of  tho  tjnpc  where  the  charges  developed  vary  in  a cyclic 
manner  depending  on  the  molecular  thicknesses  of  the  layer. 

Tests  showed  that  the  formation  of  static  vra.s  reduced  by  both  the 
polishes  but  the  action  was  found  to  be  primarily  one  of  increased  con- 
ductance depending  on  the  hygroscopic  action  of  the  wetting  agent  in 
spreading  a conductin.g  layer  over  the  film  surface.  Polish  No. 52  was 
more  effective  in  this  respect. 

It  vra.s  considered  unlikely  that  the  polishes  Would  have  any  lasting 
effect  vhen  applied  to  caraera  parts;  laboratory’-  tests  vdth  the  P.55  camera 
confirmed  this. 

Some  bad  static  Was  experienced  during  survey  photography  in  Cyprus 
but  application  of  tlae  polish  to  the  register  ^ass  of  the  P.45  caiiaera 
failed  to  impro-ve  matters,  bad  static  raarte  being  present  on  developed 
film  frem  cameras  to  Tdiidi  the  polish  Imd  been  applied. 
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While  it  seemed  improbable  that  the  polish  could  be  used  to  provide 
a surface  layer  on  the  film  back  in  manufacture,  it  v/as  decided  to  treat 
a length  of  unexposod  film  to  see  if  processing  -was  affected  and  to  test 
it  for  development  of  static  charge  as  a means  of  deoiding  vActhor 
increased  conductivity  of  the  back  of  the  film  alone  was  sufficient  to 
prevent  appreciable  charges  forming.  The  S’. 95  camera  was  used  for  this 
test,  loaded  rd.th  an  80'  roll  of  film,  40'  of  which  was  treated  vAth  the 
polish  and  the  other  40'  untreated.  Eocm  conditions  Voro  N.T.P.  v/ith  a 
relative  humidity  between  50  and  60^,  The  -complete  roll  of  film  vas  run 
through  the  camera  and  on  processing  no  static  marks  were  present  on 
either  treated  or  untreated  lengths  of  films.  In  view  cf  previous 
unsuccessful  tests  to  produce  static  in  the  laboratory  this  result  v/as 
not  unexpected.  The  polish  was  found  not  to  affect  the  processing. 

Next  a roll  of  exposed  film.  v)as  treated  in  a similar  manner  and 
the  camera  vra.s  operated  in  a dark  roan  to  detect  -visible  static  discharges. 
After  the  eyes  had  become  dark  adapted,  occasional  discharges  could  be 
seen  when  thp  xmtreated  portion  was  passing'  but  there  was  no  evidence  of 
charge  TAicn  thc  treated  portion  was  passing  through  the'  camera.  This 
result  .T/as  maintained  irrespecti-ve  of  vMch  half  of  the  film  was  first 
passed  to  the  take-up  spool. 

The  foregoing  operation  of  the  film  tlirough  fke  camera  vas  repeated 
v&Lle  measurements  vrere  made  for  accumulation  of  charge  on  the  take-up 
spool.  If  the  treated  portion  vrerc  passed  through  first  there  no 
indioation  of  charge  until  -fcho  untreated  portion  vra.s  reached,  vdicn  there 
vra.s  a progressi-TO  accumulation  of  charge  on  -tlio  spooled  film.  In  the 
case  of  operation  in  the  opposite  sense  considerable  charge  vra.s  accumulated 
at  first  but  this  ceased  v4icn  the  treated  portion  of  film  v/as  reached.  It 
was  also  noted  that  there  v;ere  considerable  changes  in  potential  from 
untreated  film  passing  throu;^  the  camera  but  none  from  the  treated  length. 

6 Testing  of  film  samples  and  distribution  of  charge  during 

Y/inding 


In  -vieYr  of  the  information  'i-Thich  ^•)as  a-vailable  at  this  stage 
(Sec-fcion  2)  and  the  unsuccessful  attempts  to  produce  s-fcatio  marl<s  from 
a camera  operated  under  laboratory  conditions  (Section  4)  it  seemed 
improteble  -that  results  could  be  ob-feained  and  reproduced  vdth  certainty 
under  conditions  similar  to  those  experienced  in  an  aircraft.  In  testing 
vAiether  modifications  to  a camera  had  reduced  the  tendency  to  produce 
sta-fcic  tl-ie  difficulty  rz-ould  be  to  ensure  that  the  roll  cf  film  used  in 
the  test  had  similar  static  properties  on  each  occasion.  Even  v/ere  it 
practicable,  any  pre-examination  of  the  film  in  a dark  room  vrould  not  be 
pemissible  since  handling  of  the  film  is  likely  to  change  its  properties 
and  these  changes  ’Would  not  be  within  -the  control  of  the  operator. 

Some  samples  of  film,  for  r/hich  anti-s-fcatic  properties  had  been 
claimed,  had  been  received  from  the  film  manufacturers,  and  it  vra.s 
necessary  to  de-vise  some  relati-vely  reliable  method  of  assessing  these 
samples.  The  rig  sho’.m  inEig.5  was  constructed  for  this  purpose.  TyVo 
5i“inch  camera  spools  arc  mo-unted  on  polythene  insulating  bushes  attached 
to  a s-fcandard  film-vd.nding  rig  Td.th  tl-jc  axes  about  15  inches  apart.  A 
cork-faoed  motal  plate  mounted  on  insulating  supports  is  placed  mid-Yiay 
be-fcvfeen  the  -irwo  spools  so  that  YThen  -Winding  the  film  fraa  one  spool  to 
the  other  the  film  rubs  on  the  cork.,  Eaoilities  are  pro-vided  for  connect- 
ing all  or  any  combination  of  spools  or  friction  plate  to  earth  as  required. 

In  a preliminary  investigation  of  numerous  samples  of  filiii  rdth 
this  rig  it  was  determined  that  some  film  induced  charges  largely  of  one 
polarity,  vAiilc  other  film  ga-vo  diarges  of  both  polarities  in  a completely 
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random  manner.  Using  film  #1104  gave  consistent  polarl'ty  of  charge  it 
•was  detemined  that  the  distribution  and  polari-by  vfeve  as  indicated  in 
Pig. 5(a)  and  (b) , that  is:~  _ ■ 

(a)  film  vAiioh  made  rubbing  contact  v/ith  an  earthed  surface 
carried  avay  a positi"ve  charge,  vdiile  the  film  approaching 
the  rubbing  surface  carried  only  slight  ne^tive  charge, 
and 

(b)  film  v/hich  made  rubbing  contact  with  an  insulated  surface 
carried  no  charge  away,  wliile  'the  film  approaching  the 
insulated  surface  vns  negati-vely  charged. 

It  was  further  noted  that  if  the  take-up  spool  xrere  insulated  from 
earth,  it  became  positively  charged  vAien  the  rubbing  surface  Trra-s  earthed 
but  vra.s  uncharged  viien  the  surface  was  insulated.  Also,  the  feed  spool 
•when  ins'ulated,  sho»7ed  a small  fluctuating  charge  when  the  rubbing  surface 
was  earthed  but  when  the  rubbing  surface  vas  insulated  a steady  posiwi've 
charge  'Would  accumulate  on  seme  occasions  viiile  on  others  a negati've 
charge  Would  build  up  and  fluctuate  in  •value,  sometimes  -With  a re'versal 
to  positi'-ve  polarity. 

A number  of  records  of  the  potential  measurements  made  on  the  film 
and  the  friction  surface  (cork)  are  shewn  in  Pigs.  6(a)  to  6(l) . These^ 
were  made  v/ith  the  appara-tus  shown  in  Pig.  4,  i*®*  electrometer,  amplifier 
and  recording  •vol'hmeter.  The  position  of  the  electrometer  during  these 
measurements  ms  as  indicated  by  Pj  , P2  and  P,  , as  appropriate,  in 
Pig.  5*  Subbing  vas  on  the  back  of  •che  film  as  it  passed  ever  the  cork- 
faced  plate.  The  film  •was  vroiind  over  by  hand  at  a ^eed  of  about  1 ft/seo 
but  it  •I'vas  found  •that  -variations  in  film  speed  of  +IC9S  had  no  appreciab^ 
effect  on  the  results,  A comparison  of  Pig. 6(a)  and  (b)  shows  that  a 1C^ 
change  in  film  speed  has  had  little  effect  on  the  potential  and  ths-t  -the 
results  are  reasonably  consistent. 

The  film  samples  used  in  these  experiments  -were  as  follows:- 

(A)  Pigs,  6(a)  to  (j)  2^  inch  nitrate  te.se  film,  exposed  but 

not  processed.  Stored  out  of  tin  in  labora-fcory  for  approxi- 
mately 6 months. 

(b)  Pigs.  6(1)  and  (k)  5s-  inch  nitrate  base  film,  exposed  and 

processed.  This  was  a new  film  sample'  -which  had  been  used 
for  laboratory  tests  in  -the  cold  chamber  and  afterwards 
s-bored  in  a tin. 

The  relati-ve  humidi-fcy  during  all  the  tests  did  not  vaiy  much  from 
5^  and  the  -bemperature  v/as  be-bween  13°C  and  20°C,  as  noted  on  the 
illustrations.  In  examining  these  results  it  may  be  assumed  that  when 
the  spools  are  insulated  -the  conditions  are  similar  to  those  ob-taining 
when  the  edges  and  outer  coils  of  a roll  of  film  ha-ve  become  very  dry, 
thus  effecbi-vely  insulating  the  remainder  of  the  roll  from  earth.  In 
addition  -bo  -the  records  in  Pig,  6 vdiich  include  the  peak  voltages,  a 
large  n-umber  of  readings  of  a-verage  po-bential  woro  taken  vdth  -the  small 
integra-bing  meter  previously  mentioned. 

The  relati've  potentials,  or  charge  density,  of  the  plate  and  the 
fiim  surface  for  various  earthing  conditions  of  -the  plate  and  the  spools 
are  sho-wh  in  Table  1.  The  luibracketed  figures  in  this  -table  apply  -co 
film  sample  (A),  i.e.  exposed,  unprocessed  nitrate  base  film.  They  are 
average  values  from  a number  of  tests  -with  the  integrating  meter  and  the 
recording  vol-bmeter.  The  figures  in  brackets  apply  to  a sample  of 

-.15- 


V 


Technical  Note  Wo.  PH. ^79 


exposed,  unprocessed  acetate  base  film  each  value  being  the  average  of 
three  readings  of  the  integrating  ine-cer.  In  each  case  a value  of  100 
is  assigned  to  the  film  ■ surface -po-cential  after  it  has  rubbed  over  an 
earthed  plate. 

In  some  further  experiments,  the  results  of  vrtiich  are  shovto  by  the 
curves  in  Pig.  7,  the  potential  of  the  plate  and  the  leaicage  charge  from 
the  take-up  spool  TOre  measured  for  various  values  of  insulation  resistance 
of  the  plate  to  earth.  The  curves  marked  E are  for  friction  on  the 
emulsion  and  those  marked  B are  for  friction  on  the  back. 

Detailed  explanation  of  the  results  is  ccmplicated  by  the  fact  that 
electron  separation  does  not  occur  at  the  plate  only  but  also  at  the  feed 
spool  as  the  film  is  unv/ound  (see  Pig.  9).  Some  further  experimental  \-forlc 
■'.Tould  Ire  necessary  in  confirmation  of  an5'  theorj’’  advanced  as  to  the 
mechanism  of  energjr  dissipation.  However,  the  following  general  explana- 
tion of  the  results  is  suggested. 

B3’-  experiment  (see  Pig. 6(f))  the  plate,  v/hen  insulated,  reaches  a 
mean  steady  potential  after  a few  feet  of  film  have  passed  and  the 
potential  of  filra  leaving  the  plate  is  then  a jninimuTii  (sec  Pig.  6(d)  and 
le)).  T/'ith  some  samples  of  film  the  potential  of  the  surfaces  leaving 
■ the' ihsulated  plats  is,  v.ltlrin  the  limits  of  measurement,-  zero,  as  shorai 
in'Pig.6(d)  vdiile  vaith  other  samples  it  is  small  but  measurable.  ’.Vhen 
both  film  spools  are  earthed  the  potential  obtained  on  the  plate  is  a 
naximum  (see  Pig.6(j))  and  is  reached  after  a fov;  feet  of  film  have  passed; 
it  docs  not  build  up  progressively  during  the  vainding  period. 

The  limitation  of  charge  densitj'-,  or  potential,  of  the  plate  •.Then 
it  is  insulated  could  be  e::plained  by  leakage  from  the  plate  supports 
and  along  -che  film  surfaces  and  possibljr,  also,  gaseous  discharge.  The 
llnitation  of  surface  densitj"  on  the  film  leaving  ’die  earthed  plate  could 
be  explained  also  as  being  a result  of  leatege.  Hovrever,  the  absence  of 
oliarge  on  the  film  leaving  the  insulated  plate  cannot  be  attributed  to 
lealsige.  In  fact,  then  the  plate  is  insulated  the  presence  of  iDositive 
charge  on  the  film  is  dependent  on  lealhgc  of  negative  ciiar^from  the 
plate  or,  alternatively,  a progressive  increase  of  negative  charge  on 
the  plate. 

It  is  considered  therefore  that  for  any  gi-ven  frictional  conditions 
there  is  a threshold  charge  density  of  the  plate  vhich  .gives  a field 
strength  of  sufficient  magnitude  to  balance  the  contact  potentials  and 
thus  eliminate  electron  separation  from  the  film,  i.e,  the  negative 
charge  on  the  plate  repels  electrons  (negative  efsB-rges)  and  then  the 
force  of  repulsion  equals  the  force  causing  separation  of  electrons  a 
.state  ,cf  equilibrium  exists.  Depending  on  the  film  sample,  die  combined 
result  of  surface  leakage  over  the  film  to  earth  via  the  tako-up  spool 
and  separation  of  charge  at  tlie  take-up  spool  may  be  sufficient  to  prevent 
the  potential  of  the  plate  from  reaching  xhe  true  limiting  value,  and  in 
tills  case  sonB  positi-ve  cliarge  will  be  carried  away  on  the  fUj-n  surface 
to  tlie  take-up  spool. 

T.fith  the  plate  earthed,  all  electrons  leak  to  earth  and  a maxlniu.i 
positive  cliarge  is  carried  avra.y  on  tlie  film;  correspondingly  the  surface 
potentials  of  film  lea-ving  the  plate  are  a maximum.  Again,  the  separation 
of  electrons  from  the  film  surface  is  lii.iited  to  a threshold  value  where 
the  field  strength  balances  the  contact  potentials,  i.e.  the  positivelj’" 
charged  film  attracts  electrons  and  a point  is  roaohod  viion  this  force 
cf  attraction  is  equal  to  the  forces  causing  separation.  No  sairoles  of 
fiLn  Were  tested  in  v/hich  the  plate  became  positively'-  clxirged  and  the 
film  negativelj'-  cliargod  but  in  such  a case  the  explanation  of  the  results 
v/ould  be  similar. 
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An  effect  v/hich  woiild  appear  to  be  2’elated  to  the  foregoing  has 
been  reported  by  Gill  and  AlfrejA.  In  their  esqjeriments  small  blocks  of 
a dielectric  were  allowed  to  slide  doi'fti  an  inclined  metal  plate  into  an 
insudated  metal  container.  The  metal  plate  v/as  earthed  and  the  charge 
collected  by  the  metal  container  from  the  blocks  \7as  measured  by  an 
electroneter.  A second  metal  plate  was  placed  above  and  parallel  to 
the  earthed  plate  and  connected  to  one  pole  of  a D, C.  supply,  the  other 
pole  of  vfliich  Was  earthed.  Depending  on  the  polarity  of  the  D.C.  supply 
it  was  found  that  the  charges  carried  amy  on  the  blocics  could  be  either 
increased  or  decreased.  When  the  polari'ty  was  such  that  the  charge  was 
decreased  it  was  found  that  it  could  be  reduced  to  zero  by  increasing 
the  applied  voltage  after  vdiich  any  further  increase  in  the  applied 
voltage  imparted  a clarge  of  opposite  polarity  to  the  blocics. 

The  negative  charge  on  film  approaching  the  plate  (see  Pig. 6(g) 
and  Table  l(h))  is  a maximum  vdien  tlie  plate  is  insulated'- and  the  feed 
spool  is  eairthed  (see  Table  l(k)).  Its  presence  can  be  explained  as  due 
to  separation  of  the  surfaces  at  the  feed  spool,  where  most  of  -the  positi-ve 
charge  on  -the  emulsion  v/ould  leak  to  earth  via  the  spool  allowing  negati-ve 
charge  to  pass  av/ay  on  the  film,  and  surface  leakage  of  charge  frem  the 
plate.  This  negative  charge  is  Icurer  v/hen  the  feed  spool  is  insulated 
because  the  portion  due  to  separation  is  then  dissipated  locally  at  the 
spool  since  the  positive  charges  on  the  emulsion  side  of  the  film  are 
unable  to  leak  to  earth. 

Referring  to  Pig. 7 the  da-ta  shovai  are  from  four  separate  experiments 
and  cannot,  unfor-bunately,  be  related  to  one  another.  It  shoiuLd  perhaps 
be  mentioned  again  that  each  experiment  takes  time,  and  results  are  only 
found  to  'be  consistent  over  -very  short  periods,  irrespeoti-ve  of  -wliether 
the  ambient  conditions  arc  clanged  or  not.  The  curves  in  Pig. 7(b)  are 
actually  for  leakage  charge  from  the  -take-up  spool  but  their  general 
shape  is  representative  of  the  change  in  sui'face  density  a£  charge  on 
film  lea-vlng  the  plate  -with  change  in  lealcage  resistance  of  -the  plate 
to  earth.  Curve  B for  the  film  back  in  Pig. 7(b)  is  not  typical  and 
is  doubtless  due  to  rather  low  filrn  surface  resis-tance  at  the  time  of 
the  experiment.  As  a rule  the  film  charge  density  or  potential,  -iidien 
the  pla-te  is  earthed,  has  much  the  same  -value  as  the  plate  po-ten-bial 
vdien  the  pla-te  is  insulated  as  can  'be  seen  by  referring  to  Pigs.  6(a) 
and  (f).  The  curves  in  Pig.7(b)  were  the  only  ones  a-vailable,  -v-iithout 
further  experimental  work,  to  shew  tliat  the  general  shape  vas  similar 
to  the  curves  in  Pig. 7(a). 

It  is  proposed  to  develop  a simple  theory  for  conditions  in  -which 
the  film  has  rela-ti-vely  hi^  insula-tion;  this  is  lilosly  to  be  the  case 
-vdien  spark  discharges  occur. 

The  rate  of  charge  separation  during  rubbing  is  opposed  by  the 
charge  vdiich  accumulates  on  the  rub'bed  surfaces.  Since  the  mean  dis-tance 
'betv^een  the  surfaces  during  rub’jing  -will  'be  constant  the  rate  of  oliarge 
separation,  b , vdll  bear  a linear  relationship  to  the  charge  density 
or  the  surface  potential,  v , if  no  other  significant  factors  are 
present.  Thus  vdien  film  rubs  over  a fixed  insulating  surface  the 
potential  of  this  surface  will  reach  a limiting  value,  Y , and  -the 
rate  of  charge  separation,  b , will  then  be  zero.  The  relationship 
be-t\-feen  v and  b , for  -the  assumed  conditions,  is  sho\m  graphically 
in  Pig.  8(a)  vdiere  v^,  is  the  surface  potential  of  film  covering  the 
plate  and  v is  the  plate  surface  potential,  the  former  being  'positi-ve 
and  the  latter  negati-ve.  The  equations  to  -these  curves  are:- 


V V 
f B 


(1) 


-17- 
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and 

V = I . V - V (2) 

p B 

■where  -S  is  the  maximum  rate  of  charge  separation j i.e.  the  positive 
charge  density  on  film  lea-ving  the  plate  is  a maximum  V •when  rubbing 
starts  and  falls  to  zero  as  the  negati-ve  charge  density  on  the  plate 
reaches  the  maximum  ■value  V . It  -will  be  noted  that  the  arithmetical 
sum  of  the  charge  densities  is  cons^tant,  i.e.  the  potential  difference 
be'tween  the  film  and  the  plate  remains  cons^tant. 

When  the  plate  has  a leakage  to  earth  of  R ohms  it  is  charged  to 
a steady  voltage  V , the  ra^fce  of  charge  separationj  b , then  being 
V * 

equal'  to  , the  leakage  current  to  earth..  The  surface  potential  of 

film  lea-ving  the  plate  is  then  • Substi-tuting  for  b 

in  equation  ("l):-  ^ 


or 


from  7/hioh 


= 


EB  -t-  V 


(3) 


Erom  equa-cion  (2)  the  plate  potential 

by;- 


at  equilibrium  is  given 


V = - V 

p f 


RB  V 


(4) 


The  cur-i/es  to  equations  (3)  and  (4-)  are  shovai  inEig.S(b).  Eor 
fric-tion  on  the  baclc  of  the  film,  experimental  -values  fran  Eig.7  are:- 


■V  = 3.7 

•when 

R 

= 1 

= 5.3 

v/hen 

R 

= 3 

and  substi-tuting  these  -values  in 

equation  (4) 

^ves:- 

V =6.6 

and 

B 

= 8.2 

thLts  the  equation  to  the  experimen-tal  curve  for  the  film  baclc  in  Eig.7(b) 

is:- 


— 6.6 
8;2R  + G.  6 


\ 
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The  curve  to  this  equation  is  shorn  in  Pig.  8(c)  together  ■with  the  experi- 
mental points.  When  the  leak  to  earth  consists  of  the  plate  supports  and 
the  film  surface  -via  the  spools  the  experimental  value  of  V-p  is  6,1 
(Pig.7(a.)),  i.e.  53^  of  the  theoretical  maximum  value  V = 6^6  . The 
curve  in  Pig.  8(c)  agrees  with  the  expciiraental  points  as  v;ell  as  could 
■fae  expected  and  ■values  cf  V , the  maximum  voltage,  and  B , ■the  maximum 
rate  of  charge  separation,  calculated  fresn  equation  (l)  should  he 
reasona^bly  accurate  in  the  case  of  normally  dry  insulating  film. 

The  foregoing  theory  could  he  used  as  a basis  for  assessing  the 
static  properties  of  fiM  samples,  i.e.  ■values  for  V and  B could  be 
obtained  from  the  simultaneous  equations  gi-ven  bjr  substi^tuting  "two  values 
of  the  plate  resistance  R , and  the  corresponding  experimental  values  of 
V , in  equation  (4)  • Pihn  samples  gi^ving  high  values  of  V and  B 
vrould  be  the  most  lilocly  to  produce  s^tatic  marks  on  the  emulsion. 

The  -tests  on  the  "anti-static"  film  samples  described  in  Section  8 
Were  made  before  -the  experimental  work  just  described  and  a more  approxi- 
mate method  of  assessment  ■was  used.  The  method  is  sufficiently  accurate 
for  the  purpose  and  there  does  not  appear  to  ■be  any  justification  for 
repeating  the  tests. 

It  v/ill  be  noted  that  equations  (3)  and  (4)  are  for  an  equilibrium 
condition  and  that  capacity  and  induc^tanoe  are  not  invol^ved.  It  is 
important  to  note  that  the  potential  diffeience  be^tween  the  -two  friction 
surfaces,  one  of  which  (the  film)  is  a good  insulator,  is  no^b  affected  by 
the  resistance  to  earth  of  the  other  siarface.  The  effect  of  leakage  at 
the  plate  is  merely  to  change  the  relative  potentials  to  earth.  This  is 
illustrated  in  the  theoretical  curves  of  Pig.  8(b)  which  should  be  compared 
•iVith  the  practical  measurements  of  Pigs.  6(a)  and  (f ) . These  latter 
illustrations  show  that  the  plate  voltage  to  earth,  vdien  it  is  insulated, 
is  similar  to  the  film  surface  vol^bage  vjhen  ■the  plate  is  earthed. 

The  time-potential  relationships,  i.e,  the  transient  conditions, 
are  not  required  to  assess  the  static  properties  of  film  samples  ’v/hioh 
ms  the  original  object  of  the  experiment  (Pig,8).  They  may  be  Important, 
hev/ever,  in  any  consideration  of  the  optimum  conditions  for  spark  dis- 
charges vdien  friction  is  of  short  duration.  In  the  present  paper  it  is 
not  convenient  to  give  any  detailed  analysis  but  the  general  lines  on 
v/Iiich  the  equations  for  the  transient  conditions  may  be  obtained  r/ill  be 
gi^ven. 


The  fundamen-bal  ■vol^tage-time  relationship  may  be  obtained  from 
equations  (I)  and.  (2),  Por  example,  in  the  case  of  dry  film  (highly 
insulating)  vdiich  rubs  over  a plate  ■With  high  surface  insulation  there 
•will  be  no  leakage  currents  and  resistance,  capacity  and  induc^tanoe  are 
not  in'vol^ved.  The  surface  potential,  is  from  equation  (2):- 


b 

B 


V - V 


or 


v/b  ' " 


f % . 


dt 
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After  putting  in  the  conditions  = 0 -i^en  t = 0 the  solution  to 
this  is  loaorm  to  he:- 


+ V = Ye 


Bt 

V 


Vp  = VVe 


Bt 
■ V 


- 1 


(5) 


dv 

b = — £ = Be 

at 


Bt 
' V 


(6) 


Similarly,  the  film  surface  potential  at  any  time  t is  given  by:~ 

Br 

v^  = Ye  ^ (?) 

Vp  is  negative  and  v^  is  positive,  their  arithmetic  sum  is  equal  to  Y 
at-  any  instant  and  -the  potential  difference  betr/een  filit  and  plate  is 
therefore  constant.  It  vd.ll  be  seen  that  the  potential  of  the  plate 
rises  and  the  potential  of  the  film  surface  decays  according  to  an 
exponential  law. 

Equations  (5)  and  (7)  vftjuld  appreximate  to  practical  conditions 
only  vrhen  the  conductivity  of  the  rubbing  surfaces  ras  negligible.  If 
either  siirface  has  appreciable  conductivity  then  a .resistance  tem  ’R 
and  a capacity  term  0 must  be  included;  the  inductance  L may  also 
be  significant.  If  L , 0 and  2 arc  applicable  to  the  rubbed  surface 
only,  i.e.  the  plate,  and  are  equivalent  to  a simple  scries  arrangement 
then  the  voltage  equation  v.'ould  be : - 


Tihere  i is  the  leakage  cu-rarent  from  the  plate. 

Thn  conditions  for  uhich,  equation  (8)  is  true  could  be  set  up  in 
the , laboratory  but  the5r  rroxILd  not  apply  to  practical  conditions  vfhere  the 
equivalent  resistance,  inductance  and  capacity  could  be  represented  'only 
try  a se.ries-'parallel  arrangement. 

Also  the  treatment  of  resistance  R vd.ll  depend  on  ’.vhether  it  is 
due  to  surface  or  bull:  conductivity  of  the  rubbing  materials.  In  practice 
it  is  likely  that  surface  conductivities  are  predominant  and  tliis  being  so 
there  uill  obviously  be  a charge-density,  or  potential,  gradient  over  the 
rubbed  surfaces.  The  potential  vdll  be  a minimum  at  the  earth  points  and 
a maximum  at  points  remote  fran  earth.  If  v/e  consider  this  in  relation 
to  the  film  emulsion  rubbing  a dry  register  glass  then  the  potentials  vd.ll 
be  higher  in  the  central  region,  i.e.  there  vcould  be  a lateral  potential 
gradient.  This  may  explain  vdy  some  of  the  marlcs  loiov.’n  to  have  occurred 
on  the  emulsion  side  are  predominantly  in  the  centre  of  the  film.  This 
v/'ould  not  apply  vjhen  one  of  the  surfaces  is  relatively  a good  conductor 
for  the  potential  gradient  V/'ould  be  small.  Thus  in  the  case  of  friction 
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betvreen  the  back  of  the  film  and  the  pressure  plate,  the  cork  facing  of 
tlie  latter  has  a relatively  low  bulk  resistivity  and  marks  •would  be 
expected  to  occur  , over  the  en-cire  film  surface.  It  has  hovfe'ver  been 
mentioned  earlier  that  charges  on  the  back  of  the  film  are  still  likely 
to  be  higher  in  the  centre  where  most  of  the  friction  is  liloely  to  occur 
because  of  "bovAng"  of  the  film. 

Attempts  at  a complete  ma-thcmatical  analysis  of  the  transient 
frictional-electric  effeccs  obtaining  vAth  this  particular  type  of 
friction  vrould  be  complex.  In  a general  treatment,  tenns  of  E , 0 
and  L vtould  be  assigned  to  both  friction  surfaces.  Further  confiimatoty 
experimental  work  would  be  necessary,  vAth  improvements  and  additions  to 
tins  measuring  equipment  at  present  a-vailablo.  In  their  practical  applica- 
tion to  the  present  investigation  the  transient  effects  are  significant 
in  relation  to  friction  vhich  is  of  short  duration.  In  oases  vdiere  the 
film  rubs  intermittently  it  is  ob-vious  that  tte  possibility  of  a spark 
discharge  from  the  film  to  an  earthed  part  of  the  camera  vAll  be  increased 
if  the  potential  rises  rapidly  and  is  sustained. 

The  film  poten-fcial  is  a maximum  when  friction  commences  bu-c  decays 
exponentially  (equation  (7))  when  the  rubbed  surface  is  insulated.  HoTre"ver 
if  the  rubbed  surface  is  fully  conduccing  to  earth,  the  potential  'vTill  be 
sus-tained  vhile  friction  continues. 

7 Conditions  leading  to  spark  discharge 

The  stages  at  vdAch  discharges  can  occur  are:- 

(i)  During  manufacture  of  the  film, 

(ii)  During  any  re-spooling  of  the  film. 

(iii)  In  the  caaiera. 

(iv)  During  processing  of  the  film. 

It  is  e-vident  that  -ther-e  is  a danger  of  s'tatic  discharges  marking 
the  film  on  all  occasions  when  it  is  handled,  but  it  is  certain  that  -the 
raajori'ly  of  such  marks  are  likely'-  to  occur  -v\hen  the  film  is  used  in  the 
camera. 


In  the  camera  itself  charges  may  arise  from  separation  charges  at 
the  feed  spool  or  by  friction  be-tween  the  film  and  parts  of  the  camera. 

7. 1 Initial  properties  of  the  film 

As  mentioned  in  Seccion  4 and  as  'would  be  expected  from  the  informa- 
tion gL"ven  in  Section  2 samples  of  film  exajuined  in  the  laboratory  ha-ve 
shewn  a considerable  variation  in  their  elcotros'tatic  properties.  It  is 
reasonable  to  assume  therefore  that  the  possibili-ty  of  a spark  discharge 
is  influenced  first  by  the  particular  roll  of  filra  in  the  camera. 

7.2  Separation  charges  at  feed  spool 

It  is  common  experience  that  ■visible  static  discharges  o * on 
some  occasions  ■when  a roll  of  film  is  removed  frem  a spool.  Suo.  dis- 
charges are  due  to  separation  poten'bials,  supplemented  by  charges  already 
existing  'vAthin  ■the  roll  as  a result  of  friction  in  previous  handlingj  in 
a ne'W  roll  of  film  they  are,  no  doubt,  duo  entirely  to  separation 
poten'bials  because  of  the  relatively  long  time  interval  between  handling 
and  use. 
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As  mentioned  in  Section  6,  vrtien  the  feed  roll  is  insulated  and  the 
film  passes  over  an  insulated  friction  surface  a positive  charge  builds 
up  on  the  feed  roll.  In  a dark  room  spark  discharges  can  sometimes  be 
observed  at,  or  near,  the  feed  roll  under  these  conditions. 

When  film  is  pulled  from  the  roll  sane  negative  charge_  is  carried 
a-way  on  the  film  surface,  but  as  vTinding  continues  a state  of  equilibrium 
is  reached  in  v/hidi  further  separation  of  charge  is  limited  by  the  electric 
field  due  to  positive  charge  absorbed  by  the  roll  (see  Section  6) . The 
negative  charge  on  the  surface  of  film  leaving  the  spool  is  then  a minimum, 
as  shovm  by  the  record  in  Pig.  6(h).  The  potential  difference  due  to 
separation  of  charge  at  the  feed  spool  may  be  insufficient  to  cause 
sparking  but  since  film  is  continuously  removed  from  tho  roll  its  capacity 
falls  and  hence  the  potential  rises.  The  intemittent  spark  discharges 
are  considered  to  be  due  to  the  rise  of  potential  caused  by  removal  of 
film  from  the  roll.  Further,  if  the  film  conductivity  is  variable  a 
more  rapid  rise  of  potential  and  more  intense  sparks  vAll  occur  Then 
film  pulled  off  the  roll  is  relatively  conducting.  When  a spark  dis- 
charge occurs  cloarge  is  lost  from  the  roll  and  the  charging  process  is 
repeated  to  give  a series  of  disclmrges  while  film  is  being  removed  from 
the  roll. 

In  practice  the  effect  described  Ttould  occur  on  rolls  of  film  vhich 
vrere  effectively  insulated  from  earth  because  the  inner  turns  and  edges 
of  the  roll  had  become  dry.  Discharges  could  occur  at  any  point  from  the 
roll  to  the  edges  of  the  exposure  frame  and  would  be  most  pronounced  at 
the  roll  if  there  vra.s  also  friction  between  tho  film  and  an  insulator 
such  as  the  caiiiera  register  glass. 

7.3  Frictional  charges  Yd.th.in  camera 

It  is  possible  that  a spark  discharge  can  occur: - 

(a)  betr/een  discrete  areas  vhile  rubbing  is  taking  place  vri-thout 
normal  separation,  or  lift,  of  the  surfaces; 

(b)  because  of  the  rise  in  potential  v/hen  the  surfaces  are 
separated  and 

(c)  if  no  discharge  occurs  as  in  (a)  and  (b)  it  may  still  do 
so  if  the  charged  surface  approaches  low  capacity  earthed 
conductors  such  as  sharp  edges  or  points. 

Discharge  may  tal®  place  during  the  actual  rubbing  when  local 
discontinuities  occur  in  one  of  the  surfaces.  Thus  a discharge  can 
occur  as  film  leaves  the  sharp  edge  of  a register  ^ass  or  from  fiducial 
marks  engraved  on  the  siirfacc  of  the  ^ass. 

Discharges  can  occur  Then  the  camera  pressure  plate,  film  and 
register  glass  separate  from  one  another  just  before  the  T/indover  occurs. 

The  major  factor  in  this  case  is  vhe  change  of  capacity  and  the 
resultant  increase  in  potential.  It  is  also  possible  that  the  raising 
and  lowering  of  the  pressure  plate  ioB.y  increase  the  charges  by  induction. 

In  the  experiments  described  in  this  note,  in  vhich  the  friction  has  been 
continuous,  no  induction  effects  have  been  experienced.  In  Fig. 5,  if  a 
plate  of  insulating  material  is  placed  above  and  parallel  to  tte  original 
cork-faced  plate,  to  sirmlLatc  nhe  register  glass  of  the  camera,  tho 
production  of  charge  is  not  affected.  TMs  is  true  Tiiether  the  upper 
plate  rubs  the  film  either  intennittentlj;-  or  continuously.  For  example. 
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if  the  lower  plate  is  earthed  the  measured  charge  passing  away  on  the 
film  to  the  take-up  spool  is  the  same  as  thou^®the  upper  pl§te  were  not 
present.  It  vrould  appear  from  this  that  any  induction  effects  operating 
are  masked  by  the  friction^  effects  on  the  film  (see  end  of  Section  2) . 

The  claance  of  a discharge  occurring  between  film  and  .pressure  plate 
is  not  appreciably  affected  by  the  insulation,  or  earthing  of  the  pressure 
plate,  since  the  potential  difference  is  not  changed  (Pig.S).  On  the 
other  hand,  the  possibilitjr  of  discharges  to  other  parts  of  the  camera 
might  be  reduced  by  choice  of  the  resistance  to  earth  of  the  pressure 
plate  or  other  rubbing  surfaces.  Thus  the  maximum  potential,  positive 
and  negative,  to  earth  will  be  halved  if  the  resistance  to  earth  has  a 
value  of  about  0.5  x 'I'o'*’'  ohms  (Pig.S). 

Rose^  hns  shov/n  that  mere  insulation  of  the  rubbing  surfaces  is 
insufficient.  He  describes  seme  air  photography  in  v/hich  certain  cameras 
were  provided  with  inseilating  celluloid  covers  over  the  pressure  plate  and 
bakelite  strips  over  the  metal  edging  of  the'  register  glass,  viiile  other 
cameras  used  during  the  same  period  were  unmodified.  Records  of  75  rolls 
used  in  the  modified  cameras  coi^iared  vlth  909  rolls  used  with  the  unmodi- 
fied cameras  showed  that  cameras  provided  vlth  insulation  had  ^ of  bhe 
rolls  marked  with  static  while  the  unmodified  cameras  had  15^  of  the  rolls 
affected.  However,  the  static  marks  experienced  With  the  modified  cameras 
ivere  more  severe  and-  classing  the  marks  as  "sli^it",  "medium"  or  ''t>in- 
siderable",  6^  of  tte  modified  cameras  had  considerable  static  as  compared 
with  for  the  unmodified  cameras.  In  some  further  limited  photography 
vlth  cameras  provided  vlth  insulated  rollers,  used  in  conjiinction  vlth 
cameras  provided  vlth  the  normal  metal  rollers,  static  marks  were  obtained 
vlth  the  insulated  rollers  only.  In  this  case  it  vra.s  evident  that  the 
static  was  directly  due  to  the  insulated  rollers  since  the  marks  on  the 
film  coincided 'vlth  the  ribs  on  the  rollers. 

In  the  case  of  the  take-up  spool,  vlth  fi!bn  passing  over  an  earthed 
friction  surface,  charge  tends  to  build  up  on  the  spool  v/hen  the  leakage 
to  earth  at  the  spool  is  small,  but  the  process  of  vlndhig  on  the  film 
is  unlikely  to  promote  a discharge  on  the  roll  since  the  surface  potentials 
fall  as  the  film  goes  into  the  roll  'because  of  the  increase  in  capacity. 

Ho  discharges  could  be  obsei-ved  on  either  the  feed  or  the  take-up  spool 
vrtien  the  filia  vms  wound  over  aji  earthed  friction  surface. 

Other  discharges  can  take  place  from  the  charged  surface  of  the 
film  as  it  passes  parts  of  the  camera,  particularly  at  points  and  sharp 
edges,  or  other  loW-cjapacity  earthed  electrodes.  Discharges  of  this 
nature  are  likely  both  from  negatively  and  positively  charged  film,  i.e. 
fron  film  approaching  the  friction  surface  and  from  film  leaving  the 
.friction  surface.  However  a discharge  is  more  likely  to  talce  place  from 
the  positively  charged  film  since  the  sparking  voltage  required  for  a 
small  gap  is  less  vAien  the  low-capacity  electrode  is  negative. 

In  rolls  of  fiim  spoiled  hy  static  the  marlcs  usually  start  about 
halfway  throu^  the  roll.  The  main  reason  for  this  is  considered  to  be 
the  change  in  the  insulation  to  earth  at  the  spools  as  tlie  film  is 
transferred.  Thus  before  the  camera  is  operated  the  resistance  to 
earth  via  the  feed  spool  is  a majrimum  while  at  the  take-up  spool  it 
is  a minimura.  As  tlie  film  is  transferred  between  the  two  spools  the 
feed  spool  resistance  decreases  and  the  take-up  spool  resistance  increases, 
the  resistance  of  the  two  leakage  paths  being  equal  vdien  the  spools  are 
half  full,  the  total  resistance  to  earth  then  being  a maximum.  With  the 
hi^  insulation  associated  vd.th  dry  film  the  effect  would  not  'be  important 
■but,  from  the  work  of  Rose®,  dry  film,  although,  it  gives  minimum  loss  of 
charge,  does  not  ^ve  maximum  production  of  charge.  Pig. 6(a)  and  (c) 
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illustrate  that  in  the  ease  of  friction  on  an  earthed  surface  the  charge 
is  higher  v/lien  the  spools  are  insulated.  The  riiajor  factors  controlling 
the  film  conductivity  are  temperature  and  humidity;  possibly  .they  also 
change  the  rate  of  charge  separation.  Thus,  considering  the  optimum 
condition,  positive  charge  on  the  film  after  it  has  rubbed  the  pressure 
plate  (earthed)  leaks  to  earth  at  the  take-up  spool  and  fails  to  produce 
a spark  discharge,  but  vfhen  the  spoolS'  are  half-full  t!ie  resis'bance  to 
earth  is  a maximum  and  the  leaikago  rate  is  reduced  to  a minimum.  Under 
these  conditions  the  charge  densities  and  the,  possibility  of-  spark, dis- 
charges are  a maxim-um. 

As  mentioned  at  the  beginning  of  the  note,  the  present  investigation 
does  not  cover  details  of  the  actual  spark  discharge.  Little  infoniation 
on  this  subject  is  available  from  other  sources.  The  Kodak  Co.  in  America 
have  stated  that  the  forked  marks  on  the  film  are  caused,  by  a negative 
charge  on  the  film;  iivhile  the  Iiaay  spots  (see  Kig.2(a))  are  caused  by  a 
positive  charge  on  the  film.  The  Company  also  stated  that  a definite 
liberation  of  light  energy  is  necessary  to  mark  the  film. 

There  is  little  doubt  that  the  discharges  causing  marks  on  the  film 
are  largely  a surface  phenomenon,  although  in  extreme  oases  the  potential 
differences  may  be  sirfflcient  to  cause  breakdovm  of  the  base'  material. 

The  voltage  required  to  do  this  is  2 Kv  (r.m.s.)  per  mil  at  20 °C  and 
S.H.  The  mean,  thi-cloiess  of  the  film  is  about  0.0065  inch  so  that  the 
breakdovTO.  voltage  Td.ll  be  about  13  Kv  (r.m.s.),  i.e.  a D.C.  potential  of 
about  18  Kv  v/ould  be  required.  This  is  twice  the  value  of  anything 
measured  in  the  present  experi-uents  T5icro  the  measured  values  would  be 
higher  than  those  obtaining  in  a c£miera  for  the  seme  charge  density. 

8 Test  of  manufap-curers  "Anti-static"  fj.lm  s-em.ples 

Five  samples  vdre  received  from  liessrs  Kodak  and  one  from  Ilford 

Ltd. 

The  samples  from  Kodak  had  tlxt  treabnont  axplied  to  the  anulsion 
side  only.  The  na-ture  of  the  trea-fcment  lias  not  teen  described  by  the 
manufacturer. 

The  sample  from  Ilford  was.  provided  vdth  a conducting  backing 
consisting  of  a thin  layer  of  graphite  applied  in  a coating  of  resin. 

The  resin  is  soluble  in  an  all<aline  solution  and  the  graphite  is  intended 
to  come  off  iidth  the  resin  ivhen  the  film  is  processed. 

8.1  Method  of  testing 

It  ivas  decided  to  assess  the  stavic  properties  of  the  samples  in 
accordance  vri.th:- 

(i)  the  relative  potentials  produced  during  unspooling  after 
removal  directl3''  from  the  manufacturers  sealed  tin, 

(ii)  the  relative  potentials  induced  on  the  friccion  plate  as 
the  film  passed  over  it  (see  Fig, 5(b))  and 

(iii)  the  quantity  of  charge  r/hidi  lealcs  away  when  the  plate  is 
earthed. 

In  measuring  the  unspooling  potentials,  test  (i)  above,  the  film 
is  vround  directly  bet\’/een  two  spools  v/i-chout  friction  on  the  plate;  the 
measuring  probe  of  the  electrometer  is  placed  2 cm  frora  the  edge  of  the 
film  and  10  cm  out  from  the  spool  axis. 
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The  potential  to  -vvliiGh  the  plate  is  raised  is  measiired  in  a 
separate  test  hj  placing  the  probe  2 cm  from  a small  disc,  3 in 
diameter,  attached,  to  the  plate. 

The  charge  passing  to  earth  is  measured  by  connecting  a 56  megohm 
leak  to  the  plate  and  the  voltage  drop  over  this  resistance  being  pro- 
portional to  the  current,  and  the  product  of  current  and  time  proportional 
-to  the  total  charge  separated  by  friction,.  The  charge,  'vvas  recorded  by  a 
small  integrating  meter  used  in  conjxmction  with  the  apparatus  shovaa  in 
Fig, 4. 


Temperature  and  humidity  were  constant  during  an5'"  one  set  of  tests. 
For  all  the  tests  the  temperature  via.s  1 9°  to  20'^!  and  the  relative 
humidiiy  ms  between  50  and  5^. 

8.2  Eesults  of  tests 


The  results  of  tlie  unspooling  tests  are  shown  in  Fig.  9;  the  peak 
potential  for  each  sample  is  taken  from  these  curves  and  shown  in  the 
first  column  of  Table  II. 

The  potential  to  which  tine  plate  is  raised  by  each  sample  when 
friction  is  on  the  back  of  the  film  is  shown  in  Table  II;  the  corres- 
ponding values  for  the  emulsion  side  of  the  film  are  shor/n  in  Table  III. 
These  are  average  values  of  relative  potential  talcen  by  means  cf  the 
integrating  meter,  eadi  figure  is  a mean  of  three  tests. 

The  charge  -ivhich  leaks  to  earth  at  the  plate  when  friction  is  on 
the  film  back  is  shov/n  in  the  last  column  of  Table  II.  The  values  vhen 
friction  is  on  the  emulsion  are  shown  in  the  last  column  of  Table  III. 

Each  figure  is  a mean  of  three  tests. 

8.3  Method  of  assessment 

Before  making  any  assessment  of  the  various  samples  the  following 
points  are  noted 

(i)  The  figures  given  for  potential  are  merely  for  comparison 
vhLth  the  value  obtained  from  standard  film  under  the  same 
test  conditions.  They  are  not  equivalent  to  the  potential 
differences  v/hich  may  exist  betvjfeen  the  film  aiid  various 
jarts  of  the  camera  when  the  film  is  used  in  a camera. 

Standard  film  is  knoi.'vn  to  be  ca.pable  of  producing  disclarges 
y/hich  mark  the  film,  so  any  film  v/hich  has  similar  characte3>- 
istics  will  behave  similarly. 

(ii)  If  the  polar! iy  of  charge  from  separation  at  the  spools  is 
of  opposite  sign  to  that  induced  by  friction  on  the  plate, 
then  it  will  tend  to  lower  the  measured  plate  potential 
because  of  local  leakage  over  the  film  surface.  However, 
there  may  be  an  increased  chance  of  discharges  at  the  feed 
spool  vdth  a film  having  these  characteristics  for  positively 
charged  film  will  be  approaching  a negatively  charged  register 
glass. 

(iii)  The  data  in  the  different  cwlumns  of  the  table  Were  taken  at 
different  times  and  hence  one  column  of  figures  cannot  be  com- 
pared ■with  another.  The  temperature  and  humidity  vrere  similar 
throu^out  all  the  tests  but  tlie  film  surface  condi-bions  may 
to-VB  been  quite  different.  As  an  example,  the  total  charge 
■then  friction  was  on  ■che  emulsion  appears  to  be  greater  than 
■\ihen  friction  v&a  on  the  film  tack;  the  data  shewn  cannot  be 
accepted  as  shcr;d.ng  this  effect;  no  separate  test  has  been 
made  in  the  present  work. 

-25- 


o 


o 

Teohnioal  Note  No.  HI, ^79 
o o 


o 


o 


The  intensity  of  any  marks  made  by  static  discharges  on  the  film 
is  likely  to  be  proportional  to  the  energy  available,  i.e,  to  ^ QV 
where  Q is  the  quantity  of  electricity  taking  part  in  the  discharge 
and  V is  the  potential  difference  between  the  spark  gap  surfaces. 

The  samples  are  first  qualified  as  capable  of  producing  a sparking 
potential  if  the  potentials  measured  are  cf  the  same  order  as  that  of 
standard  fiha.  Each  sample  is  then  allocated  an  energy  factor  v/hich  is 
the  sum  of  the  product  of  potential  and  charge  for  the  emulsion  and 
potential  and  charge  for  -die  tack  of  the  film. 

In  Table  IV  the  energy  factor  found  for  the  sample  of  standard 
film  used  in  the  tests  is  expressed  as  100  and  listed  vAth  the  corres- 
ponding figures  for  the  samples.  The  potentials  developed  by  the  Ilford 
graphine  film  are  so  loyf  compared  with  standard  film  that  it  is  considered 
unlikely  that  sparking  potentials  Would  bo  developed  under  normal  con- 
ditions. From  the  results  it  is  obvious  that  the  treatment  to  one  side 
of  the  film  has  also  affected  the  potentials  developed  by  the  ocher 
side.  The  most  likely  explanation  of  this,  is  that  the  conductance  to 
earth  via  the  spools  has  been  increased  by  increased  conductivity  on 
one  side  of  the  film.  Whatever  tho  explanation,  tho  application  of 
the  results  is  not  affected  since  the  arrangement  of  the  test  rig  is 
similar  to' a camera  and  the  same  result  would  therefore  obtain  when  th_e 
fihn  is  operated  in  a camera. 

The  sample  least  likely  to  give  trouble  fran  static  discharges  is 
the  Ilford  graphite-backed  film.  Of  the  Kodak  samples,  No.if371  should 
prove  relatively  free  from  static  troubles. 

■ It  is  important  to  note  that  althou^  increased  oonduotivity  of 
the  film  vsill  eliminate  it  as  a source  of  static  electricity  it  may 
still  be  marked  by  discharges  if  it  rubs  on  insulated  parts  of  the 
camera  such  as  the  register  glass  or  insulating  rubber’ rollers. 

8.4  Photographic  processing  of  Ilford  graphite-ba-oked  film 

The  graphite  backing  is  not  strictly  "soluble"  in  developer,  but 
in  presence  of  all<ali  ttie  resin  vehicle  is  softened  and  can  be  removed 
by  gentle  rubbing  or  by  a vater-spray.  Without  mechanical  assistance, 
hOT^ever,  the  bacld.ng  remains  on  the  film.  Experiments  were  mde  vAth 
dish  and  machine  developroont  Co  simulate  practical  processing  conditions, 

A 23  foot  roll  was  processed  on  the  Continuous  Pilm  Processing  Machine 
Mark  3 (no  spirit  bath) . Part  cf  the  badcing  came  off  in  the  developing 
fixing  and  washing  tanks  but  an  appreciable  quantity  remained  to  'be 
removed  by  the  squeegees.  'While  veig'-  little  trace  v/as  finally  left  on 
the  film  it  is  not  considered  that  convinuoizs  ruruAng  vtould  be  satis- 
factory 'because  the  squeegees  vtould  rapidly  became  clogged.  In  dish 
experiments  simulating  spool-tank  development  it  v/as  found  that  except 
in  areas  where  -clie  filin  liad  been  handled  or  rubbed  tire  'backing  did  not 
■.come  off  and  special  vAping  mider  water  v/as  necessary  to  remove  it. 
Sufficient  fikn  was  developed  to  simulate  3000  feet  of  9^"  vAde  film 
processed  on  the  continuous  machine,  and  the  accumulation  of  graphite 
sludge  vras  such  that  special  filtration  would  obviously  be  necessary, 
especially  in  a spray  raacliine  such  as  the  Type  6. 

'While  this  first  experimental  baclAng  is  not  a practicable 
expedient,  the  principle  should  be  given  further  test. 
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2 Applications  to  cameras  and  film  . 

2vi  Camera  design  for  use  •vTlthi  standard  film 

. (i) . When  the  film  is  vtound  o^rer  betvfeen  exposures  the  clearance 
betv/Oen  the  pressure  plate  ajtid  the  register  ^ass  should  be 
' as  large  as  possible.  If  tve  assume  the  film  to  be  flat  and 
Tvithout-sag  it  should  lie  approximately  midv/ay  bet\7een  the 
pressure  plate  and  register  ^ass  surfaces. 

(ii)  The  lifting  mechanism  of  the  pressure  plate  should  ensure 
that  in  the  retracted  position  the  plate  surface  and  the 
register  ^ass  sm’face  are  parallel. 

(iii)  The  Sv/itoh  or  contact  meidianism  controlling  operation  of  the 
camera  motor  should  ensure  that  there  is  no  possibiliiy  of 
film  moTOmont  except  when  the  pressure  plate  is  fully  lifted. 

(iv)  The  feed  spool  shou3.d  not  be  pemitted  to  over-run  at  the 
end  of  the  Vdndover.  Some  form  of  brake  actuated  by  the 
tension  in  the  film  should  be  provided. 

(v)  With  regard  to  the  laaterial  used  for  facing  the  pressure 
plate  no  definite  reconmendation  can  be  made  at  the  present 
stage.  With  standard  film  the  greatest  production  of  static 
charge  can  be  expected  at  this  point  for  tvro  reasons:- 

(a)  ^ The  "bo/dng"  of  the  film  tends  to  increase  the  possi- 

bility of  large-area  contact  v.rith  the  pressure  plate. 

(b)  The  back  of  the  film,  which  faces  tto  pressure  plate, 
is  the  surface  most  likely  to  produce  large  charges 
under  all  but  very  dry  conditions. 

From  the  information  available  at  this  stage,  a suitable 
material  should  have  the  follc^Ting  dharacteristics:- 

(c)  It  should  have  a surface  resistivity  uhich  changes  r^ith 
ten^ierature  and  humidity  in  much  the  same  v/ay  as  does 
the  film  base  and  such  that  the  resistance  to  earth 
from  a piece  of  conducting  film  resting  lightly  on  the 
surface  is  about  0.5  to  i.O  x 10^"^  ohm  at  20®C  and  5P?^ 
E.H.  The  resistance  to  earth  of  tlic  pressure  plate  on 
the  F.if9  camera  is  0.5  to  1,0  x 10®  ohm  only.  . 

(d)  The  charge  which  it  induces  on  the  film  base  material 
should  be  as  small  as  possible.  Wo  experimental  work 
has  been  done  on  different  plate  facing  materials  and 
surface  contours.  It  is  noted  that  cork  is  particirlarly 
effective  in  producing  static  charges  and  that  the 
conducting  cork  facing  used  on  the  F.A2  camera  is  bad 
in  this  respect. 

(vi)  With  the  exception  of  the  feed  roller(s)  and  the  measuring 
roller,  other  points  of  contact  with  the  film,  can  and  should 
be  eliminated.  All  the  rollers  should  be  faced  \7ith  the  same 
material  as  the  pressure  plate,  or  with  a material  having 
similar  characteristics, 

(vii)  Corners  and  edges  of  all  parts  in  contact  with  or  near  the 
film  should  be  radiused  to  smooth  contours  and  surface  finish. 
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(viii)  The  normal  surface  resistance  of  the  register  glass  daould 
he  reduced  to  much  the  sajnfe  value  as  the  pressirre  plate. 

The  problem  is  more  difficult  because  a durable  conducting 
film  vdiich  does  not  impair  the  light  transmission  must  be 
provided.  The  most  likely  process  is  one  in  vrhich  a trans- 
parent coating  of  stannic  oxide  or  bismuth  oxide  is  applied 
to  a heated  g^ass  surface.  The  li^t  transmission  is 
unlikely  to  be  affected  by  tliis  process  but  there  is  some 
doubt  vdiether  the  exact  degree  of  conductivity  could  be 
obtained. 


9.2  Camera  design,  for,  use  with  conducting  film 


(i) 


If  the  filra  is  conducting  on  both  sides,  i,e.  .the  resistivity 
is  less  than  iO”*®  ohm/unit  sq,  on  both  sides,  then  all  the 
camera  parts  likely  to  be  rubbed  by  the  film  should  be  con- 
ducting also.  With  the  parts  concerned  malcing  li^t  contact 
vdth  the  conducting  film,  the  resistance  to  earth  should  he 
less  than  10‘‘0  ohm. 


(ii)  With  film  vj'hich  is  conducting  on  the  emulsion  side,  the 
register  glass  should  be  made  conducting  as  described  in 
Section  9. "I  (viii),  but  in  this  case  a hi^r  degree  of  oon- 
duotivity  can  be  accepted  provided  that  the  treatment  does 
not  impair  the  light  transmission  of  the  glass. 


(iii)  If  the  film  back  is  conducting,  rubber  coverings  used  for 
rollers  to  increase  adhesion  vri.th  the  film,  should  be  of 
conducting  rubber  similar  to  tliat  manufactured  by  the 
Dunlop  Subber  Co.  This  rubber  is  made  relatively  conducting 
by  a modification  of  the  methods  used  to  incorporate  th^ 
carbon  black  during  manufacture. 


The  conducting  rubber  cannot  be  recemmended  for  a 
camera  using  standard  film  since  its  conductivity  vrould 
need  to  be  controlled  to  quite  close  limits.  Althou^  it 
is  possible  to  grade  the  conductivity  of  the  rubber  in  its 
initial  state,  there  are  large  changes  of  resistivity  vfith 
temperature  and  surface  stress. 


9.3  Camera  film 


The  follcr.’/ing  recommendations  are  nade  in  connection  vd.th  camera 

films- 

(i)  The  surface  resistivity  of  the  film  back,  and  preferably 
also  of  tlie  emulsion,  should  be  reduced  so  that  it  is  not 
more  than  10’'^  obnv/unit  sq  under  any  conditions.  A treatment 
of  the  film  vdiich  reduced  the  resistivity  to  10”'’*  ohny^unit  sq 
Viflould  be  useful  but  it  is  doubtful  ^Thetlier  values  hl^er  than 
this  v«3uld  give  sufficient  relief  to  justify  tho  costs  of  tho 
additional  processing  of  the  filra  in  mnuf acturc . 

The  further  recommendations,  (ii) , (iii)  and  (iv)  are  loss  effective 
alternatives  to  (i) . 

(ii)  Considerable  relief  ,■  and  probably  complete  relief  tinder 
most  conditions,  tvould  be  given  if  the  film  te.ck  resistivity 
only  T/ere ■ reduced  to  the  value  recommended  in  (i).  In  this 
connection  it  is  reoaimended  tliat  further  T;ork  should  be 
done  on  the  Ilford  graphite-backed  film  to  improve  tho 
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solubility  of  the  coating  and  possibly  to  reduce  the  amount 
of  grapliite  applied.  This  recommendation  is  conditional  on 
the  graphite  coating  process  proving  economic  and  no  better 
form  of  conducting  film  being  available. 

(iii)  Further  tests  of  samples  of  Kodak  "anti-static"  film  No.  437'! 
should  be  made.  The  Kodak  Co.  have  not  made  IcnoTOi  the  treat- 
ment ^ven  to  their  samples  except  to  state  that  the  emulsion 
side  only  has  been  treated. 

(iv)  The  back  of  the  film  base  material  should  be  treated  so  that 
the  film  is  flat  under  all  conditions,  to  reduce  the  chances 
of  rubbing  during  passage  befaveen  the  pressure  plate  and  the 
register  glass  of  the  camera.  In  this  connection  it  is  noted 
that  the  graphite-backed  film  is  considerably  flatter  than 
normal  film. 

•10  Future  inves-faigation 

If  it  is  accepted  tlrat  the  only  real  solution  to  the  problem  is  to 
make  the  film  and  certain  camera  parts  more  conducting,  then  future  work 
should  be  devoted  to  methods  of  increasing  this  conducti'vity.  If  the 
conductivity  of  both  sides  of  the  film  can  'be  conveniently  increased  so 
that  the  surface  resistivity  is  not  greater  than  10"^®  ohm/urat  sg.,  then 
simple  resistance  measurements  are  adequate  in  deciding  viaether  an  "anti- 
static" film  is  acceptable. 

If  only  slight  conductivity  and/or  other  changes  in  the  film 
characteristics  are  economic  corimercia-lly,  then  test  of  samples  should 
be  Irmsed  on  the  principles  outlined  in  Section  6. 

Other  lines  of  investigation  -lihich  may  pro've  useful  are:- 

(i)  De  ■tails  of  the  discliargo  such  as:- 

(a)  the  energy  required, 

(b)  the  film  surface  condition, 

(o)  the  side  of  the  film  on  './hi.ch  it  takes  place, 

(d)  the  potential  difference  required, 

(e)  induction  effects. 

(ii)  Suitable  facing  materials  or  surface  treatments  for  places, 
such  as  the  pressure  plate,  vAiere  friction  cannot  be  entirely 
avoided. 

(iii)  The  possible  use  of  "de-staticisers" , 'Whicli  produce  ionisation 
of  the  air  in  the  magazine.  The  Shirley  "de-statioiser"  used 
in  the  nylon  industry  produces  ionisation  and  is  VBzy  offecti-ve 
in  causing  charge  to  leak  atvay.  The  objections  to  its  use  in 

a camera  are  tloat  it  requires  12  Kv  positive  and  negati-ve 
potentials;  moreoever  it  is  not  clear  that  it  v/ould  prevent 
discharges  during  actual  rubbing.  Preliminary  tests  vrt-th 
thermionic  ionisation  ba-’/e  not  been  vei^’"  premising.  Eadio- 
aotive  methods  have  not  proved  suitable^ . Spark-gap  ionisation 
also  requires  a hi^  potential  supply  to  each  camera. 
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11  Conclusions 

o O 

The  primaiy  conclusion  is  that  static  electricity  disclarges  vd.ll 
not  he  eliminated  except  by  increasing  the  conductivity  of  the  film  and 
of  the  insulating  components  of  the  cameras. 

More  detailed  conclusions  arc  as  follov/s:- 

(1)  The  discharges  arc  local  surface  phenomena  vhich  occur  during 
friction,  or  when  the  surfaces  part  during  friction,  or  when 
the  charged  film  approaches  sharp  edges  or  points  immediately 
after  friction.  A proportion  of  discharges  may  also  occur  as 
film  is  pulled  off  the  spool. 

(2)  The  coixlitions  necessary  for  an  actual  spark  discharge  are 
critical.  They  occur  ’./hen  the  mmierous  factors  affecting 
the  production  and  retention  of  charge  combine  to  give  an  . 
optimum  charge  density  and  associated  capacity. 

(3)  To  produce  charges  it  is  necessary  for  one  only  of  the  friction 
sm’faces  to  be  a good  insulator.  In  practice  this  may  be  the 
back  of  the  film,  the  register  ^ass,  ths  rubber-covered 
measuring  roller  or  similar  items. 

(4)  The  film  emulsion  is  not  a serious  source  of  .static- charge 
except  under  sustained  dry  conditions.  The  film  may  be  marked 
from  the  esiiulsion  side  by  discharges  from,  other  insulators 
such  as  the  re^mster  glass  in  the  camera.  It  may  also  be 
marked  from  the  anulsion  side  by  separation  charges  as  film 

is  pulled  off  the  spool. 

(5)  One  of  the  i.iajor  factors  deciding  whether  a spark  discharge 
Tiill  take  plage  is  the  rate  at  which,  the  charge  can  leak  av/ay 
from  one  or  both  surfaces. 

(6)  During  operation  in  the  camera  the  leakage  of  charge  is  a 
minirnisn  v/hen  the  tveo  spools  are  half  full.  The  total  insulation 
to  earth  is  a maximum  urder  these  conditions  and  the  surface 
potential  of  the  filiu  is  therefore  also  a maximum.  In  practice 
the  static  marics  on  a roll  of  film  have  usually  started  hilf- 
vtxy  throu^  •the  roll. 

(7)  The  marics  on  the  film  are  usually  confined  to  a central  track 
along  the  length  of  the  film.  Where  the  marks  are  due  to 
discharges  on  the  back  of  the  film  tliis  is  attributed  to  the 
fact  that  friction  is  most  lilcoly  in  the  central  region  because 
of  bowing  of  the  film  arising  frean  unequal  expansion  cf  the  tv/o 
sides.  T/here  the  marks  arc  due  to  disclis.rges  from  the  register 
glass  it  is  attributed  to  the  existence  of  a potential  gradient 
on  the  register  ,{^ass  and  tlie  emulsion  surfaces j the  resistance 
to  earth  being  greater  at  the  centre  of  the  surfaces. 

(8)  The  most  efficient  veay  of  preventing  the  disolarges  is  to 
increase  the  conductivity  of  the  filsn  and  of  rhe  camera 
friction  surfaces,  Eor  practical  puip,oses  it  Would  be  sufficient 
to  increase  the  conductivity  of  the  took  of  tte  film  only. 
Trouble  from  the  aaulsion  is  only  likely  if  the  film  has  been 
dried  out  by  prolonged  storage  under  dry  conditions  vAth 
imperfect  sealing  of  the  tin.  Increased  oonductivity  of  one 
side  of  the  film  vdll  reduce  the  inaximum  charge  density  on 

the  o'bher  side  by  increasing  the  conductivity  to  earth  via 
the  spools  (sec  Ilford  graphite  backed  film,  Table  III) . 
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(9)  Tlie  resistivity  of  the  iilni  surfaces  and  Sny  insulating  parts" 
of  the  camera,  vrtiere  friction  is  possihle,  should  J^e  reduced  < 
to  a value  not  exceeding  10‘^  ohm/unit  sq.  Retention  of  a 
high  charge  density  on  the  surfaces  vrauld  not  then  be  possible. 

(10)  The  use  of  static-inhibiting  agents  on  camera  parts  such  as 
the  register  glass  is  not  recommended.  In  theory  their 
effectiveness  is  dependent  on  the  application  of  a critical 
thickness  of  layer;  because  this  is  impracticable  laboratory 
and  field  tests  have  not  been  reliable. 

(11)  The  production  of  static  charge  may  be  increased  by  fluctua- 
tions of  atmospheric  pressure,  as  ’.Yhen  the  aircraft  changes 
height.  In  addition  the  discharge  is  facilitated  by  reduced 
pressure.  It  is  likely  therefore  that  the  occurrence  of 
discharges  vdll  be  reduced  if  the  camera  bays  are  pressurised. 

(12)  Laboratory  test  would  be  adequate  for  deciding  viiether  ^ven 
combinations  of  film  and  camera  are  likely  to  produce  dterges 
capable  of  marking  the  film.  Tests  on  several  samples  might 
be  necessary  to  establish  the  consistency  of  any  process 
applied  to  the  film,  although  the  number  of  tests  considered 
necessary  vrould  depend  largely  on  the  results  obtained  with 
the  initial  S'amplos. 

(13)  4ny  treatment  of  the  film  surfaces  intended  to  reduce  the 
production  of  static  charge  without  increase  in  the  con- 
ductivity is  likely  to  prove  unreliable  because  of  contaminating 
surface  films. 

(14)  In  laboratory  measurements,  the  electrostatic  properties  of 
different  rolls  of  film  have  been  found  to  vary  considerably 
and  the  occurrence  of  "static"  in  Service  cameras  may  be 
influenced  appreciably  by  the  initial  properties  of  different 
rolls  of  film  and,  possibly,  by  particular  batches  of  film 
from  the  manufacturers. 

Typical  "static"  marks  attributed  to  firiotion  in  the 
camera  are  sliovn  in  Fig. 2(a)  -Ahilo  the  marks  shown  in  Fig. 2(b) 
are  considered  wo  liave  occurred  before  the  film  was  used  in  a 
camera.  In  Fig. 2(b)  it  will  be  noted  that  some  of  the  "trees" 
appear  to  hn.vs  their  origin  outside  tlae  edge  of  the  film  T,*ile 
others  appear  to  have  been  chopped  off  at  the  edge  of  the  film. 
In  manufacture  the  base  material  is  processed  in  a Wide  roll 
which  is  then  cut  into  widths  suitable  for  camera  film.  In 
Fig. 2(b)  the  obvious  conclusion  is  that  the  marks  occurred 
while  the  film  was  in  a wide  roll  and  that  this  roll  was 
subsequently  cut  into  the  caraera  film  Widths. 

The  character  and  the  distribution  of  marks  in  Fig.  2(b) 
is  rare  and  it  is  not  suggested  that  any  but  a very  small 
proportion  of  film  leaves  the  manufacturer  in  this  condition. 

The  proportion  of  v/hat  could  be  termed  "static-prone"  film  is 
likely  to  be  much  higher  and  it  is  to  the  benefit  of  both 
manufacturer  and  user  'bo  ensure  adequate  -conductivity. 
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TABLE  I 

Helative  Potentials 


Condition 

Relative 

potential 

Figure 

Film  leaving  plate;- 

(a)  Plate  earthed,  spools  insulated 

+100 

6(a)  and  (b) 

(b)  Plate  earthed,,  spools  earthed 

+75 

C+40) 

6(c) 

(c)  Plate  insulated,  spools  earthed 

0 

(-12) 

6(d) 

(d)  Plate  insulated,  spools  insulated 

+15 

(+12) 

6(e) 

Insulated  plate;- 

(e)  Spools  insulated 

-100 

6(f) 

(f)  Spools  earthed 

-150 

as) 

Eilm  approaoliing  plate:- 

(g)  Plate  earthed,  spools  insulated 

(-0.2) 

- 

(h)  Plate  earthed,  spools  earthed 

-66 

(-0.4) 

6(g) 

(j)  Plate  insulated,  spools  insulated 

-55 

(-55) 

6(h) 

" 

(k)  Plate  insulated,  spools  earthed 

-100 

(-56) 

Note  The  bracketed  figures  are  from  tests  on  a different  sample  of 
film  from  that  used  for  the  voltage  records  shown  in  Pig.  6. 
Eor  each  sainple  a relative  figure  of  100  is  assigned  for 
condition  (a). 
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TABLE  II 

Eleotro  static  Properties  of  ’'Anti-Statio" 
Eilm  S^ples  (backj 


Film 

Peak  surface 
potential  in 
kilovolts  dirring 
re-spooling 

Average  potential 
of  insulated 
plate  in  Kv 

Leakage  charge 
from  plate  in 
micro-'ooulamb 
(throu^  Mn) 

Standard  S.B. 

-2.25 

-3.0 

-0.40 

Standard  after 
re- spooling 

-2.25 

- 

- 

Kodak  A370 

-2.4D 

-4.2 

-0.38 

Kodak  A371 

-1.20 

-1.8 

-0.18 

Kodak  4372 

-2.70 

-3.9 

-0.72 

Kodak  4373 

-1.(55 

o 

-0.36 

Kodak  4374 

+1.(55 

-2.1 

-0.07 

Ilford 

graphite 

hacked 

+0.03 

Teclmioal  Note  No.  EH. 479 


TABLE  IV 

Seneral  Assessment  of  Aa-ta.~Ste.t4fe.Film  Samples 


Sample  • 

Relative  Energy 
Factor 

Remarks 

Ilford  graphite 

■ 

Unlikely  that  spark  discharge 
potentials  triil  develop 

Kodak  4371 

16 

Kodak  4373 

51 

Kodak  4370 

89 

Standard  safety 
base 

100 

Kodak  4372 

103 

Note  ' he  energy  factor  for  Kodak  sample  4374>  cjaloulated  in  a similar 
manner,  is  62,  hut  this  sample,  because  cf  the  change  in  polarity 
of  the  charge  from  the  feed  spool,  is  probably  the  v/orst  of  the 
five  Kodak  samples. 
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(a)  PRESSURE  PLATE  DOWN. 


(C^  SECTIONAL  ELEVATION  THROUGH  X-x'  IN  (b) 


CLEARANCE 


(d)  INCREASED  CLEARANCE  OF  FILM  IN  RAISED 
POSITION,  GIVEN  BY  NEW  MAGAZINE. 

FIG.I(a-d)  DIAGRAM  SHOWING  ARRANGEMENT  OF 
FILM  & CAMERA  PARTS  IN  E49  CAMERA. 
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(a)  POTENTIAL  DUE  TO  FRICTIONAL  CHARGES  (QUARTZ -NICKEL) 
VARIATION  WITH  PRESSURE  (DEBEAU) 


0 10  20  30  40  50  60  70  80 


62®  F 

DRY  ATMOSPHERE. 


20°  F 

DRY  ATMOSPHERE, 


CMS.  OF 
MERCURY. 


(b)  POTENTIAL  DUE  TO  FRICTIONAL  CHARGES  (FELT- KODAK  PANCHR.  FILM) 
VARIATION  WITH  PRESSURE  (ROSE) 


FIG.3(aab)  EFFECT  OF  AIR  PRESSURE  ON 

FRICTIONAL - ELECTRIC  POTENTIAL. 


SURFACE  AT 
HIGH  potential 
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FIG.4 


PR  1 4370. 


TECH,  NOTE  PH.479. 

FIG.5(Q&b) 


(Q)  distribution  of  surplus  charge  with  earthed 

FRICTION  SURFACE. 


(b)  DISTRIBUTION  OF  SURPLUS  CHARGE  WITH  INSULATED 
FRICTION  SURFACE, 


FIG.5(a&b;  APPARATUS  FOR  TESTING  STATIC 
PROPERTIES  OF  FILM  SAMPLES. 


14271. 


TECH.WOTE  PH.4-79. 

FIG.6(a,b&c) 


DATE:  15-I2’52. 

TIME:  lOOOHRS. 

3 

FILM:  24-INJ  nitrate  BASE, 

EXPOSED,  UNPROCESSED 

(a) 


(b) 


CONDITIONS  OF  TEST 
20°C  40%  R.H. 


DATE:  15- 12-52 

TIME:  1037  HRS. 

FILM:  £4 -IN,  NITRATE  BASE, 

EXPOSED,  UNPROCESSED, 

(C) 

FIG.6jCa,b&c)  RECORDS  OF 
FILM  DUE  TO 


CONDITIONS  OF  TEST 
20"C  55%  R.H, 


SURFACE  POTENTIALS  ON 
STATIC  CHARGES. 


V 


PH.  l4E7a. 
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DATE:  15- IE '52.  CONDITIONS  OF  TEST. 

TYPE'  1050  HOURS. 

3 

FILM'  E4- IN.  NITRATE  BASE, 

EXPOSED,  UNPROCESSED. 

(d) 


20°C  55%  R.H. 


r 


DATE'  IS- 12' 52. 

TIME'  1130  HRS. 

3 

FILM-.  24 -IN.  NITRATE  BASE, 
EXPOSED,  UNPROCESSED. 


CONDITIONS  OF  TEST 
20°  G 55%R.H. 

(e) 


DATE'- 15-12-52. 

TIME'-  1150  HRS. 

3 

FILM'  24-lN.  NITRATE  BASE, 
EXPOSED,  UNPROCESSED. 


(f) 


CONDITIONS  OF  TEST 


20“C.  55%  R.H. 


FIG.6(d,«&f)RECORDS  OF  SURFACE  POTENTIALS 
ON  FILM  DUE  TO  STATIC  CHARGES. 


14373. 


DATE:  16-IE-5E. 

TIME:  Ills’  HRS. 

3 

FILM : 2 4 - IM.  NITRATE  BASE, 
EXPOSED,  UNPROCESSED 


CONDITIONS  OF  TEST 
I3°G,  55%  R.H. 


FILM:  eI-IN.  nitrate  BASE, 

EXPOSED,  UNPROCESSED. 


(h) 


FIG.6(g,hsi) RECORDS  OF  SURFACE  POTENTIALS 
ON  FILM  DUE  TO  STATIC  CHARGES. 


PH.14274. 
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FlG.6(ksl) 


RG.6(ksl)  RECORDS  OF  SURFACE  POTENTIALS 
ON  FILM  DUE  TO  STATIC  CHARGES. 
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(a)  VARIATION  OF  PLATE  POTENTIAL  WITH  ITS  INSULATION  TO  EARTH. 


(b)  VARIATION  OF  LEAKAGE  CHARGE  FROM  TAKE-UP  SPOOL 
WITH  INSULATION  OF  PLATE  TO  EARTH. 


FIG7(a&b)  VARIATION  OF  POTENTIAL  & CHARGE 
WITH  INSULATION  TO  EARTH  OF 
FRICTION  SURFACE. 


PH.14276. 


(a)  (b) 


FIG.8  (a,  b&c)  VARIATION  OF  POTENTIAL  OR 
CHARGE  DENSITY  ON  PLATE  RUBBING  SURFACE 
WITH  CHANGE  OF  PLATE  INSULATION  TO  EARTH. 
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